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A  little  more  than  a  year  has  passed  since 
the  last  paper  in  this  series  was  written. 
That  paper  undertook  the  ambitious  task  of 
attempting  to  put  in  the  form  of  some 
"safe"  generalizations  the  results  of  num- 
erous studies  by  many  investigators  of  the 
problems  of  learning.   This  was  not  an 
easy  or  a  very  satisfactory  thing  to  do. 
It  has  already  been  emphasized  that  learn- 
ing theory  is  still  far  from  settled.   In 
any  young  science  this  is  always  a  sign  of 
good  health.   As  experimental  evidence 
accumulates  and  the  facts  come  to  light, 
it  m.atters  little  that  some  hypothecation 
highly  favored  by  one  or  more  scholars  has 
to  be  scrapped.   The  net  result  of  such  a 
process  is  greater  agreement,  not  only 
upon  specific  questions  but  also  upon  more 
fundamental  matters.   As  a  case  in  point, 
there  was  a  time  a  couple  of  decades  ago 
when  the  conditioned  response  theory  was 
looked  upon  as  the  basis  of  experimental 
methods  which  would  carry  the  solutions 
for  practically  all  important  psychologi- 
cal problems.   Without  questioning  the 
positive  contributions  of  the  many  ex- 
periments which  arose  as  a  result  of  the 
early  work  on  conditioning,  it  is  a  fact 
that  there  have  had  to  be  Biade  rather  ex- 
tensive changes  in  attitude  and  practice 
so  far  as  conditioning  is  regarded  as  a 
basic  principle  for  learnings   So  it  is 
with  almost  every  attack  upon  an  involved 
problem.  ... 

We  must  realize  also  that  among  scholars 
and  members  of  learned  professions  which 
we  might  reasonably  expect  to  have  a  cer- 
tain sympathetic  and  understanding  in- 
terest in  the  problems  of  learning  and  in 
the  things  being  done  about  them,  there 
is  often  a  surprising  lack  of  information 
and  often  open  antagonism.  An   otherv^/ise 
well  trained  biologist,  for  example,  will 
agree  that  one  function  is  highly  suscep- 
tible to  practice  effect  and  vigorously 
deny  it  to  another  function  equally  train- 
able.  I  have  letters  in  my  files  from 
people  who  have  been  advised  both  by  op- 
tometrists and  ophthalmologists  that  any 


form  of  visual  training  will  certainly  end 
in  failure.   There  are  many  other  docu- 
ments in  the  same  files  which  can  be  pre- 
sented as  convincing  proof  to  the  contrary. 
Our  most  important  concern  should  not  be 
to  assume  responsibility  for  the  education 
of  those  who  have  not  availed  themselves 
of  the  existing  literature  of  science. 
The  right  to  express  authoritative  opinion 
is  predicated  upon  sufficient  work,  train- 
ing and  first  hand  experience  in  any  field 
that  it  may  be  said  this  right  has  been 
earned. 

Our  proper  concern  is  with  the  many  prob- 
lems which  center  about  what  to  do  and  how 
to  do  it.   Here  in  this  laboratory,  we 
have  worked  for  a  number  of  years  in  the 
field  training  persons  to  perceive  visual 
forms  in  short  exposures.   One  very  inter- 
esting and  important  phase  of  this  problem 
is  question  of  limits.   What  is  the  limit 
to  which  an  average  person  can  be  trained 
to  perceive  visual  forms?   The  answer  to 
this  question  is:  Vie   do  not  know.   Thus 
far  we  are  only  prepared  to  say  that  the 
question  can  only  be  answered  after  we  have 
found  the  answers  to  several  other  ques- 
tions, which  at  present  we  believe  are  es- 
sential to  the  question  of  limits. 

If  it  is  argued  that  "acuity"  is  anatomi- 
cally fixed  and  cannot  be  increased  by 
training,  then  I  must  reply  that  if  the 
speaker  insists  upon  adherence  to  purely 
anatomical  definition  of  "acuity, "  there 
can  be  no  argument  on  this  point.   But  if 
an  observer  is  only  able  to  separate  and 
resolve  a  pair  of  black  parallel  bars  on 
a  structured  ground  at  4,5  meters  today 
and  three  weeks  later  he  does  the  same  vis- 
ual task  readily  at  7.5  meters,  this  man, 
through  training,  sees  in  a  fashion  for 
which  he  was  incapable  at  the  start  of  the 
training,  call  the  effect  by  what  name  you 
will.   Let  the  skeptic  train  a  half  dozen 
subjects  himself,  following  standard  pro- 
cedures and  carefully  analyze  his  data  and 
he  will,  if  he  is  not  utterly  incompetent, 
realize  that  he  must  greatly  change  his  . 
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notion  of  the  meaning  of  "acuity, "  For  it 
is  literally  shot-through  with  the  vjhole 
matter  of  the  visual  perception  of  form. 
l\nd   more,  postures  and  various  and  sundry 
effector  processes  which  both  precede  and 
follow  the  resolving  act  are  powerful  de- 
terminants of  resolution  as  he  may  see  if 
he  v\rill  but  look,   iind  so  the  "simple" 
problem  of  measuring  or  training  "acuity" 
quickly  turns  out  to  be  something  not 
simple  at  all.   It  calls  for  more  research, 
investigation,  clinical  observation;  the 
problem  is  open,  not  closed  and  settled. 

Learning  is  one  means  of  achieving  an 
equilibriijm  of  internal  and  external  sur- 
rounds ^   Death  is  another.9  sometimes  more, 
sometimes  less  satisfactory  method.   The 
incubus  to  learn  comes  from  the  failure  of 
existing  behavior  mechanisms  to  bring 
about  a  biologically  and  psychologically 
satisfactory  equilibrium  when  a  sufficient 
"external"  change  is  met. 

The  external  change  may  take  a  wide  variety 
of  forms.   It  may  mean  the  procuring  of  a 
new  source  of  foods  or  the  devising  of  a 
new  means  of  protection  from  enemies.   It 
may  be  of  such  character  that  it  cannot  be 
disregarded  or  it  may  be  a  change  of  the 
type  over  which  the  reactor  may  exercise 
a.n  option.   It  mtust  be  clear  that  the  kind 
and  amount  of  reorganization  of  behavior 
patterns  is  not  only  a  function  of  external 
procedures,  but  also  of  the  traces,  inter- 
ests, attitudes,  sets,  etc.,  which  the  re- 
sults of  previous  learning,  added  to  the 
basic  organic  make-up  of  the  individual, 
are  strongly  determinative  of  the  ultimate 
outcome.   The  basic  mistake  made  by  many 
critics  of  learning  theory  is  the  disre- 
gard of  this  double  character  of  the  pro- 
cess.  It  is  relatively  easy  to  see  from 
these  considerations  why  there  should  exist 
a  relatively  lov^  correlation  between  learn- 
ing and  literacy,  and  likewise  it  is  easy 
to  see  why  there  should  be  a  much  closer 
relationship  between  literacy  and  learning. 
Linguistic  skill  may  be  not  the  most  im- 
portant component  in  the  acquisition  of 
many  other  skills. 

Let  us  add  a  few  more  generalizations  to 
the  list  begun  in  the  preceding  paper. 

17.   Learning  and  performance  are  not 
covariant . 


Performance  can  change  in  either  direction, 
namely  toward  improvement  or  decrement  and 
no  change  whatever  take  place  in  learning. 
Likewise  learning  may  go  on  continuously 
while  performance  stands  still  for  a  con- 
siderable period. 

Nany  things  which  influence  performance 
either  positively  or  negatively  may  have 
no  effect  whatever  on  the  ultimate  amount, 
rate  and  form  of  learning. 

It  is  not  unlikely  that  true  learning  is 
a  sort  of  conceptualization  of  improvem.ent" 
and  as  such  it  is  a  form  derived  from  a 
sort  of  mathmatical  abstraction  or  varia- 
tion from  performance  data. 

Based  upon  considerations  of  this  type  we 
may  postulate  that 

18.  The  rate  of  learning  for  any  skill- 
ful act  is  a  constant.   This  is  but  another 
way  of  saying  that  if  we  plot  the  curve  of 
improvement  by  expressing  the  logarithms 

of  achievement  as  the  ordinate s  and  the 
logarithms  of  the  practices  as  the  abscis- 
sae, we  usually  secure  a  series  of  points 
which  determine  the  slope  of  a  straight 
line  of  small  gradient.   This  slope  defines 
the  rate  of  learning.   We  have  seen  numer- 
ous instances  of  it  in  our  laboratory  in  a 
number  of  different  types  of  the  acquisi- 
tion of  skills.   Insofar  as  this  is  a  true 
state  of  affairs,  it  means  that  the  con- 
ception that  improvement  is  much  more  rapid 
in  the  early  stages  of  learning  and  slower 
later  is  not  founded  in  fact.   While  per- 
formance may  change  in  such  fashion,  yet 
the  rate  of  improvement  is  constant,  and 
one  learns  just  as  rapidly  in  em.pirical 
units  later  in  the  practice  series  as  com- 
pared ivith  improvement  in  the  first  stages. 
If  this  finding  is  substantiated,  it  means 
that  in  the  later  stages  of  the  acquisi- 
tion of  skill  when  practice  sessions  can  be 
increased  profitably,  the  same  rate  of  ab- 
solute improvement  holds, 

19.  Just  as  the  rearranging  of  sub- 
groups is  an  important  part  of  the  forma- 
tion of  any  habit,  so  likewise  forgetting 
or  the  disruption  or  degrading  of  old 
habits  or  weak  and  inexpedient  habits  is 
frequently  a  necessary  first  step  in  making 
the  way  clear  for  newer  and  better  achieve- 
ments. 


True  learning  can  only  be  deduced  from  the 
analysis  and  synthesis  of  performance  data. 


It  often  sounds  paradoxical  to  say  that 
the  way  to  learn  is  first  to  learn  to  for- 
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get,  but  this  process  of  repatterning  is 
sometimes  only  accomplished  by  the  dropping 
out  of  items  in  a  series  which  perform  no 
useful  or  important  function. 

Consider,  for  example,  the  problem  presented 
by  the  visual  rehabilitation  of  an  adult 
who  has  perhaps  for  twenty  years  daily  been 
exercising  a  function  not  only  wrong  in  it- 
self but  detrimental  to  other  visual 
achievements.   Cases  in  point  are  the 
squinter  and  the  myope.   The  replacement 
with  new  order  habits  or  skills  will  nat- 
urally be  slow  and  sometimes  difficult. 

20.  In  true  learning  there  is  always 
the  replacement  of  a  weak,  tense  or  un- 
stable pattern  by  a  smooth,  effective, 
stable  improvement  of  a  different  form. 

True  learning  is  not  a  mere  addition  of 
new  movements  nor  a  subtraction  of  parts 
of  older  ones,  although  the  dropping  out 
of  part  movements  does  take  place.   Rather 
we  should  regard  this  as  part  of  the  larger 
and  broader  reorganization  of  the  total 
behavior  pattern.   The  trend  is  toward 
unity  and  simplicity. 

Frequently  direction  is  given  to  the  course 
of  improvement  by  the  essential  ground  of 
motivation  which  may  exist  as  a  purely  ra- 
tional set,  attitude  or  predisposition;  or 
as  this  plus  a  strong  affective  or  emotion- 
al component.   Control  of  learning  always 
involves  the  giving  of  careful  attention  to 
the  matter  of  the  proper  control  of  motiva- 
tion.  It  is  always  a  difficult  thing  to 
know  just  when  and  how  to  manipulate  this 
factor.  .       . 

21.  There  are  three  procedures  for 
the  effective  breaking  of  any  habit:  (l) 
Remove  the  instigating  stimuli  from  the 
environs  of  the  reactor.   (2)   Apply  the 
principle  of  experimental  extinction,  which 
was  discussed  in  previous  papers  dealing 
with  the  conditioned  response.   (3)   Train 
the  reactor  to  make  a  new  and  more  accept- 
able response  to  the  same  stimulus  condi- 
tions . 


It  is  likely  that  a  fourth  procedure  may 
be  found  in  those  instances  where  we  must 
replace  an  inexpedient  function  v;ith  a 
more  suitable  one.   In  perceptual  train- 
ing, for  example,  we  may  be  limited  by 
the  size  of  groups  and  must  resort  to  the 
utilization  of  larger  sub-groups  in  order 
to  provide  for  improvement.   Since  the 
amount  of  habit  interference  usually  is  a 
function  of  the  degree  of  virtuosity  at- 
tained in  the  learning  of  that  habit,  it 
is  not  necessarily  true  that  old  habits 
are  stable  merely  as  a  function  of  age. 
Internal  organization  may  be  far  more  im- 
portant and  such  facts  account  for  the 
rapid  and  permanent  disruption  of  habits 
of  long  standing.   (cf.  for  example 
Kotona,  G.  Organizing  and  Memorizing) . 

22.  There  Vvfill  be  little  or  no  inter- 
ference if  the  first  habit  is  carried  to 

a  high  degree  of  skill  before  the  second 
is  started, 

23,  Habits  may  be  specific  or  non- 
specific; abstract  and  general  or  narrow- 
ly specific. 

It  becomes  especially  important  to  realize 
that  in  all  visual  training  work,  it  is 
highly  essential  to  keep  in  constant  touch 
with  the  state  of  progress  of  each  in- 
dividual learner.   The  task  of  the  operator 
is  merely  to  arrange  conditions  suitable 
for  the  learner  to  train  himself.   Many 
motivational  problems  are  solved  automa- 
tically by  the  simple  expedient  of  giving 
the  learner  some  responsible  function  to 
perform  from  the  very  first. 

It  is,  of  course,  impossible  in  brief  com- 
pass, to  deal  adequately  with  so  important 
and  so  extensive  a  topic  as  learning. 
Subsequent  papers  will  have  to  do  with  a 
specialized  form  of  learning,  which  is 
called  perceiving.   A  list  of  references 
was  given  in  a  previous  paper  covering 
the  general  problems  of  human  and  animal 
learning. 
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Perception  is  a  word  of  great  importance. 
This  paper  is  the  first  of  a  series  in 
which  we  shall  present  some  of  the  facts 
about  how  we  perceive  things  and  processes, 
space,  time  and  motion. 

There  has  never  been  a  time  when  philoso- 
phers and  scientists  have  not  busied  them- 
selves with  some  phases  of  the  problems  of 
perceiving.  It  was  written  that  "Esse  est 
percipi "  --  to  be  is  to  be  perceived.  The 
key  position  of  the  problem  of  how  we  per- 
ceive, understand,  l<now,  appraise  or  class- 
ify our  worlds  as  we  experience  them  needs 
no  argument . 

Perception  at  the  hecads  of  Locke,  Berkeley, 
HiAme  was  one  thing.   Then  Kant  raised  cer- 
tain questions  about  space,  and  thenceforth 
the  problem  took  a  nsv>j  direction.   He  sav\( 
that  to  perceive  space  "we  must  extend  be- 
yond the  impressions  irniaediately  given  by 
the  sense  organs;  that  the  functional  pro- 
cess of  perceiving  could  not  be  limited  to 
the  temporal  present  -  a  fact  which  had 
been  used  and  still  is  used  in  soFie  quar- 
ters to  distinguish  perception  from,  recol- 
lection (past)  and  imagination  (future). 

It  was  about  this  time  that  mathematicians 
began  to  examine  the  concept  of  space- 
experience  critically.   The  axiom  that  the 
suifi  of  the  interior  angles  of  a  triangle 
equals  t\vo  right  angles  was  questioned  on 
the  ground  that  the  truth  of  such  proposi- 
tions is  contingent  solely  upon  the  fact 
that  the  law  holds  only  if  regarded  within 
the  particular  space  of  our  impersonal  com- 
mon experience.   It  soon  beceane  apparent 
tnat  there  could  be  dozens  of  spaces  -  some 
of  them  bizarre  in  comparison  to  the  comjuon 
notions  of  the  common  man. 

Not  only  have  numerous  non-Euclidean  geome- 
tries arisen,  such  as  topology  for  example, 
but  it  is  important  to  note  that  out  of 
these  imaginative  projections  have  arisen 
many  important  practical  scientific  discov- 
eries which  in  all  probability  would  not 
hax^e  appeared  had  it  not  been  due  to  the 


expanding  concept  of  space  as  a  personal 
psychological  relation. 

It  has  never  been  easy  to  define  and  limit 
the  concept  of  perception  either  histori- 
cally or  nov'/.   It  has  never  been  difficult 
to  realize  its  fundamental  importance.   For 
all  who  v7ork  with  visual  problems  it  is 
safe  to  say  that  it  is  today  an  active 
frontier.   The  molar  conception  of  eye  care 
and  training  leads  us  directly  and  inex- 
orably into  the  problem. 

To  perceive  we  m.ust  always  perceive  some- 
thing.  There  is  alvvays  the  actor,  the  per- 
ceiver  and  the  thing  acted  upon  or  per- 
ceived.  The  act  is  one  which  miaintains  or 
restores  equilibriura.   It  puts  the  organism, 
in  command  of  a  more  favorable  position  in 
relation  to  his  surroundings.   It  enables 
him  to  identify,  classify,  name  or  adopt  an 
attitude  v-/hich  is  preparatory,  prodromial 
and  as  such  shov/s  us  part  of  the  mechanism, 
-for  the  long  section  unity  and  continuity 
of  experience .   Unity  and  continuity  of 
the  perceptual  process  is  its  most  general 
feature . 

Even  in  the  behavior  of  the  lower  organisms 
vje  may  observe  tne  crude  first  beginnings 
of  the  process.   Here  it  does  not  occur  to 
us  that  there  should  be  introduced  any 
sharp  division  between  the  continuous 
stream  of  adaptive  responses  and  the  more 
elaborate  versions  of  the  same  process  when 
millions  of  years  of  evolution  have  pro- 
duced better  eyes.  Drains  and  effector  or- 
gans.  The  difference  seems  merely  to  be 
one  of  degree,  not  of  kind,   Fromi  trie  ear- 
liest contact  excitations  and  adaptive 
movements  what  could  be  more  logical  than 
the  evolution  of  distance  receptors,  with 
the  consequent  period  of  delay  between  ex- 
citation and  reactance?   Such  a  state  pro- 
vides for  the  concept  which  Dodge  has 
called  variability  in  behavior.   The  search 
for  mLeaning  is  the  search  for  the  expedient 
way  out.   Learning  is  only  thus  a  longer 
and  more  elaborate  means  of  conserving  or 
diminishing  the  energy  output  demaiided  for 
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some  'biologically  or  psychologically  sat- 
isfactory solution  to  the  upset  equillhrium 
imposed  "by  the  failure  of  the  present  hio- 
social  relation  to  maintain  itself  at  some 
specified  future  time. 

The  essence  of  the  process  of  perceiving 
thus  is  motor  -  its  being  lies  in  movement^ 
adjustment;  the  restructuring  of  the  total 
field  of  the  behavioral  environment. 

Many  years  a.go  G.  F.  Stout  wrote  as  follows: 
"Perception  of  physical  reality  always  a- 
rlses  in  essential  connection  with  the  ex- 
perience of  active  movement."   And  again; 
"Only  those  experiences  which  determine  ad- 
justment have  an  objective  reference." 
These  statements  were  written  forty-five 
years  ago.   One  wonders  why  scholars  did 
not  understand  them  in  their  full  signifi- 
cance; why  following  this  trail  to  the 
bitter  end  was  not  undertaken.   Had  it  been 
so  we  could  have  avoided  the  wasteful  and 
unproductive  arguments  over  epistemology 
and  the  wasted  effort  of  scholars  waging 
acrimonious  warfare  over  the  categorical 
names  to  be  pasted  upon  functions  rather 
than  the  careful  study  of  the  functions 
themselves  and  their  operational  relations . 

Only  comparatively  recently  has  the  impor- 
tance of  the  role  played  by  the  perceiver 
come  to  receive  its  proper  emphasis.   A 
battered  alarm  clock  is  ticking  away  in 
this  room  as  I  write.   I  can  hear  the 
stream  of  ticks  as  patterns  of  two'S; 
three's,  four's,  or  as  six's,  seven's, 
almost  anything.   The  clock  and  I  together 
can  fill  this  room  with  whatever  structured 
pattern  suits  my  fancy.   But  the  deadline 
was  yesterday  -  and  almost  every  tick  says 
"hurry,  hurry,  hurry!"   The  molar  environ- 
ment, invisible  to  the  man  in  the  next  room 
who  wonders  why  I  elect  to  work  so  hard  and 
so  fast  on  such  a  warm  day,  is  uncomprehend- 
ed  by  him.   It  is  nonetheless  a  powerful 
determinant  of  the  course  of  events.   It 
can  revise,  extend,  suspend  the  total  rela- 
tion of  the  me  to  my  surroundings . 

The  late  William  Stern  wrote  that  "It  be- 
comes manifest  that  within  the  sphere  of 
perception  the  Gestalt  represents  only  one 
terminal  pole  of  a  series  of  states,  at  the 
other  pole  of  which  is  the  undivided  unity 
of  the  person.   It  is  the  series  that 
ranges  from  maximum  salience  to  maximum 
embedding.   Gestalten  are  simply  the  most 
salient  phenomena  of  perception."   ( General 
Psychology,  McMillan,  N.Y.,  1938,  p .  115 ) • 


Later  we  shall  have  much  to  say  about  this 
process  which  Stern  calls  embedding  and 
dis embedding.   Such  a  quotation  does  not 
minimize  the  great  contributions  to  per- 
ception made  by  Wertheimer,  Eubin,  Kohler, 
Koffka  and  others.   Stern  is  cited  merely 
to  indicate  that  an  overwhelming  importance 
attaches  to  the  contribution  to  perception 
made  by  the  perceiver  himself. 

To  the  physicist  and  the  physiologist  the 
words  training  to  perceive  often  carry  an 
oversimplified  connotation.   A  little  can 
be  done,  they  freely  admit,  but  not  much. 
What  is  done  is  the  grossly  simple  matter  ■ 
of  a  purely  "mental"  change  in  outlook, 
frame  of  reference   They  seem  grossly  un- 
aware that  perceptual  reorganization  is  a 
fundajTiental  recasting  of  movements,  trans- 
forming the  whole  active  process  of  give 
and  take  into  something  radically  differ- 
ent.  The  tyro  and  the  virtuoso  stand  at 
two  opposite  poles,  live  in  two  different 
worlds,  in  reality,   "  '      "   .  ■■ 

I  cannot  subscribe  to  this  sort  of  final- 
istic  thinking.   It  stops  investigation. 
If  we  can  show  that  the  modern  view  of  the 
problem  as  we  are  able  to  work  it  out  for 
ourselves  contains  the  germ  of  great  po- 
tential future  developments,  we  may  be 
playing  the  role  unwittingly  in  our  sphere 
played  many  years  ago  by  those  courageous 
mathematicians  who  dared  to  deny  the  life- 
less limitation  of  a  single,  oversimplified 
Euclidean  space.   Or,  like  Victor  Hugo,  it 
may  be  that  "new  things  may  be  either  con- 
stellations of  profundity,  or  stars  made 
by  duck's  feet  in  the  soft  mud  of  the  pond," 

In  l880  G.  Stanley  Hall  in  Boston  "under- 
stood . . .  the  making  out  of  a  list  of  ques- 
tions, suitable  for  .an  inventory  of  the 
contents  of  the  minds  of  children  of  aver- 
age intelligence  on  entering  the  primary 
schools  of  the  city."   Ten  years  earlier 
Bartholomai  did  the  same  thing  in  Berlin. 
Later  Greenwood  did  likewise  in  Kansas 
City.   Since  then  Stern,  Whipple,  Foster 
and  others  have  repeated  and  extended  these 
observa.tions .   How  sound  and  true  is  a 
child's  perception  of  his  world  at  the  age 
of  entering  school? 

The  results  of  the  above  investigations 
were  as  surprising  then  as  they  are  now. 
"Skeins  and  spools  of  thread  were  said  to 
grow  on  sheep ' s  backs  or  on  bushes  . . . 
butter  came  from  buttercups,  flour  was  made 
from  beans,  oats  grow  on  oaks,  trees  were 


Page  #7.  -  Perception  -  Vol.4  No. 2 


stuck  in  the  ground  by  God  and  were  root- 
less.  Cows  say  'bow-wow,,'  pigs  purr  and 
burrow  ,.  ,  .  while  no  one  child  ha.s  all  these 
misconceptions  none  are  free  from  them.   A 
child  who  knew  much  about  a  cow,  its  milk^ 
horns^  leather,  meat,  etc.,  was  yet  sure 
from  the  picture  book  that  it  was  no  bigger 
than  a  small  mouse  " 

Fortunate  is  the  child  who  selects  parents 
who  will  provide  him  ample  opportunity  in 
early  childhood  to  build  a  wholesome  fam- 
iliarity with  the  legion  of  simple  mechan- 
ical principles,  and  with  the  sights, 
sounds,  smells  of  the  ordinary  and  common- 
place things  he  must  know  before  the  age 
of  puberty. 

College  students  haye  been  found  equally 
uninformed  about  many  simple  facts  in 
nature,  history,  the  arts,  etc.   Not  long 
ago  I  asked  a  group  of  senior  men  whether 
the  stomach  Is  found  above  or  below  the 
dia,phragm.   The  answers  were  about  equally 
divided. 


visual  habitus  has  been  foreign  to  this 
sort  of  thing.   Seeing  common  objects  in 
correct  size,  position  and  form  relations 
is  correlated  with  groundal  Impressions 
of  weight,  texture,  movement  and  mechanics 
of  these  same  objects  handled,  lifted  or 
throvm  countless  times  from  childhood. 
"Reading  readiness"  is  a  euphonious  way 
of  indicating  the  repertoire  of  such  asso- 
ciated movements  capable  of  giving  contex- 
tual meaning  to  the  artificial  and  arbi- 
trary visual  symbols  used  to  represent 
them.   Our  eyes  have  been  evolving  for 
three  million  years .   We  had  reasonably 
good  eyes  long  before  we  had  an  ear  cap- 
able of  sound-symbol  detection.   The  eye 
thus  has  supplied  the  distance  receptor- 
correlates  for  countless  numbers  of  asso- 
ciated movements,  postures,  etc.,  and  the 
basic  ones  of  these  are  laid  doTATi  very 
early  in  life .   They  are  the  grounds  in 
which  are  embedded  (to  use  Stern's  term) 
many  of  the  figured  experiences  which  in 
adulthood  must  be  made  to  achieve  figure- 
status  by  intelligently  directed  m^eans . 


Bartlett  studied  some  semi -savage  races  in 
Africa,   He  found  that  those  who  live  as 
cattle  raisers  and  herdsmen  built  their 
systems  of  counting,  economic  values  and 
even  moral  concepts  about  the  familiar 
everyday  symbols  of  cattle . 


Form  thus  can  be  seen  to  be  Interdependent 
with  space,  and  we  can  see  hOw,  frequent- 
ly, training  one  function  of  vision  may 
have  a  distinctly  beneficial  influence  of 
the  disembedding  type  on  other  seem_lng 
unrelated  functions . 


The  exploration  of  the  reference  frames 
of  patients  should  be  a  part  of  the  first 
steps  m  perceptual  rehabilitation  and 
training,.   The  visual  perception  and  re- 
production by  drawing  of  so  simple  a  figure 
as  an  isosceles  triangle  may  be  quite  a 
difficult  task  for  the  adult  whose  whole 


Finally  let  us  not  forget  the  observation 
of  Binet:   that  the  beginning  of  reasoning 
lies  in  the  clear  perception  of  all  the 
conditions  which  relate  to  the  problematic 
situation.   The  longest  step  toward  its 
solution  is  the  clear  understanding  of 
just  what  the  problem  is. 
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One  of  the  products  of  several  hundred  - 
million  years  of  the  evolution  of  the  cen- 
tral nervous  system  has  been  the  making  of 
a  mechanism  which  frees  the  organism  from 
the  limitation  of  life  in  the  present. 
The  "traces"  left  by  previous  experiences 
are  combined  perceptually  with  the  projec- 
tions into  the  future  of  anticipatory  re- 
sponses to  produce  the  organic  unity  and 
continuity  of  experience.   The  act  of  per- 
ceiving is  thus  literally  a  synergizing 
function.   It  i s  not  essentially  different 
in  form  from  the  functions  of  reasoning 
and  problem  solving.   Its  primary  business 
is  the  adequate  and  harmonious  resolution 
of  all  the  divergent  impressions,  drives, 
impulses,  etc.,  at  the  moment.   The  end 
product  is  a  commitment  to  some  form  of 
action  vvhich  furthers  the  behavior  interests 
of  the  organism.   This  may  take  any  of  a 
variety  of  forms,  such  as  naming  and  class- 
ifying; assigning  scale  position  of  value; 
assuming  an  attitude  of  defense,  escape  or 
belligerency.   The  perceptual  act  is  always 
based  upon  a  foundation  of  empathy.   The 
perceiver  manipulates  his  world  much  as  the 
chess  player  works  out  his  serial  moves  of 
attack  and  defense  as  best  he  can  in  terms 
of  the  mioves  made  by  his  opponent.   It  i  s 
this  personal  aspect  of  the  active  process 
which  is  one  of  its  outstanding  features. 
We   are  rarely  aware  of  this  important  role 
of  the  self.   Its  importance  has  been  re- 
peatedly emphasized,  e.g.,  by  G.  F.  Stout 
and  WillisjTL  Stern. 

From  such  considerations  we  must  conclude 
that  training  such  a  function  must  involve 
placing  the  perceiver  in  such  a  position 
that  he  must  do  something.   He  must  pick 
up  the  sense-perceptual  data  of  the  present 
and  synergize  them  into  some  form  of  satis- 
factory consummation. 

I  can  think  of  no  better  exaraple  of  the 
essential  biosocial  unity  in  perception  than 
the  experience  of  returning  to  clear  con- 
sciousness after  your  dentist  nas  given  you 
a  "laughing"  gas  anaesthetic.   The  first 
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dim  awareness  is  that  you  are  in  the  midst 
of  vague  forms  moving  about  but  where  you 
are  is  still  undertermined .   A  trifle  later 
you  reach  a  stage  of  emergence  from  the 
disorientation  and  you  see  objects  in  the 
room,  cars  and  people  through  the  window, 
but  they  are  ghostly  unrealities.   They 
exist  in  a  v^forld  which  as  yet  is  not  yours. 
Finally  the  self  identification  comes, 
often  in  an  instant,  and  v/ith  it  a  complete 
and  radical  change  in  the  whole  picture. 

In  extreme  fatigue,  anoxia,  strong  emotion, 
intoxication,  religious  ecstasy  and  similar 
states,  the  profound  alteration  of  behavior 
is  always  marked  by  the  sense  of  personal 
detachment.   Prolonged  work  on  a  finger 
ergograph  of  the  llosso  type  will  lead  sub- 
jects to  report  that  the  "fatigue"  state 
causes  them  to  regard  their  own  right 
middle  finger,  hand  and  arm  as  an  "object 
out  there"  not  belonging  to  the  self.   In 
the  extreme  case  reports  have  even  led  to 
a  sense  of  complete  personal  detachment, 
in  which  the  apparatus,  the  room,  the  ex- 
p3rimenter--and  the  subject  himself--may 
become  radically  transformed  or  even  dis- 
appear. 

In  every  case  the  onset  of  this  sort  of 
thing  is  preceded  by  a  period  of  acute  dis- 
comfort or  pain.   The  mechanism  of  escape, 
suppression,  substitution,  sublim£ition, 
etc.,  comes  into  play.   If  some  such  solu- 
tion cannot  be  hit  upon,  then  we  must  re- 
gard the  stage  as  set  for  some  more  active 
form  of  neurosis.   Vlhen  Pavlov's  dogs  were 
forced  to  discriminate  beyond  their  limits 
of  resolution  the  stage  was  set  for  the 
familiar  "experimental  neurosis"  or  arti- 
ficial nervous-breakdown. 

Can  it  be  that  the  persistent  and  prolonged 
exercise  of  heterodyning  visual  functions 
likewise  set  the  sta.ge  for  visual  forms  of 
escape,  substitution  or  suppression?   what 
of  the  myope,  the  squinter,  the  amblyope? 
What  of  the  child  with  low  skills  who  can- 
not read  under standingly?   What  is  the 
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true  etiology,  the  behavior  life-history 
of  these  functional  states  up  to  the  time 
when  they  are  first  seen  professionally? 

Since  memory  traces  play  so  important  a 
role  in  perceiving,  let  us  look  for  a 
mioment  at  this  function. 

The  accurate  reconstruction  of  what  you 
saw,  or  heard  or  experienced  is  the  unex- 
pected thing.   For  what  you  retain  and 
recall,  is  in  the  m.ost  cases,  not  what  you 
saw  or  heard  or  experienced  but  what  you 
did  about  it  and  what  it  did  to  youl 

Do  we  all  have  poor,  inaccurate  memories 
then  as  the  general  rule?   No,   that  does 
not  follov\(o   A  trained  individual  learns 
the  skill  of  getting  the  kinds  of  impres- 
sions which  he  wants  and  is  able  to  re- 
member.  He  learns  the  sources  of  error 
and  so  checkmates  them  before  they  become 
effective.   xiow  does  he  do  this? 

The  answer  to  this  question  brings  out  a 
most  interesting  and  important  discovery 
about  the  first  step  we  must  all  take  when 
we  wish  to  remember  something.   That  is  ■ 
the  matter  of  clear  perception  of  the 
thing  you  want  to  retain. 

Suppose  you  are  interested  in  building  a 
nev;  home.   I  show  you  a  picture  of  the 
front  of  a  house  which  you  admire  very 
much.   You  study  it  carefully  for  five 
minutes.   iin  hour  or  so  later  I  ask  you 
to  draw  what  you  se^w  or  to  answer  questions 
about  it.   You  know  some  of  the  things 
that  will  happen.   We  can  miake  and  have 
made  many  such  experiments  in  our  labora- 
tory where  we  can  control  all  such  factors 
as  the  time  of  exposure,  the  size,  posi- 
tion, color,  shape  and  surroundings  of  the 
object  and  more  important  still,  those 
■psychological  factors  v;hich  mean  essential- 
ly that  by  controlling  how  you  look  we 
shall  control  what  you  see  or  perceive. 
We  learn  that  your  drav;ing  or  report  is 
often  inaccurate  so  far  as  size,  shape, 
position,  direction,  color,  motion,  etc., 
are  concerned,  but  quite  accurate  as  a 
representation  of  what  you  saw. 

Seeing  is  an  extended  psychological  form 
of  handling  or  manipulating  objects.   We 
see  whole  objects  primarily.   Our  impres- 
sions are  total  affairs  and  parts,  such 
as  the  design  or  shapes  of  windovjs,  doors, 
angles,  shutters,  etc.,  if  seen  at  all, 
are  seen  at  the  expense  of  the  suppression 


of  other  parts.   Zvery  artist  knov;s  that 
a  face  is  not  a  geographical  assemblage" 
of  eyes,  cheeks,  nose,  chin,  etc.   To 
paint  a  face  he  must  bring  all  the  parts 
along  as  a  unitary  whole.   Some  parts 
stand  out;  are  strong  and  suppress  others. 
This  is  partly  due  to  the  nature  of  the 
parts  themselves  and  partly  due  to  the  way 
we  look  at  them,  the  skill  we  possess  to 
see  plus  adequate  frames  of  reference  built 
up  by  training.   Careful  experim.ents  have 
produced  many  important  facts  about  this 
process.   Its  proper  understanding  is  very 
important  in  teaching  your  youngster  to 
read  and  to  spell. 

If  you  are  shown  a  triangle  with  one  of  its 
angles  truncated  or  omitted  for  a  brief 
explosure,  there  is  a  very  great  tendency 
that  you  will  complete  the  figure  when  you 
recall  it.   This  is  the  phenomenon  of  per- 
ceptual filling.   Missing  parts  or  details 
are  supplied.   Simple  things  are  seen,  not 
as  they  are,  but  as  they  should  be.   Naming 
the  thing  seen  gives  us  certainty  and  sat- 
isfaction if  the  figure  is  simple.   VJith 
complex  figures  naming  plays  an  entirely 
different  role.   Often  in  recall  the  re- 
tained process  becomes  completely  trans- 
formed into  something  more  closely  resem- 
bling the  concept  represented  by  the  name 
than  the  thing  shown  to  us  originally.   In 
simple  shapes  we  often  remember  that  the 
thing  is,  frequently  v\fhat  it  is  or  was, 
but  more  frequently  forget  where  it  is  or 
was.   This  reconstructing  of  the  patterns 
of  experience  is  ever  present  in  everything 
we  see  and  do,  and  is  of  the  greatest 
psychological  importance. 

Interpretation  often,  even. in  simple  fig- 
ures runs  ahead  of  presentation.  Vie   al- 
ways "see"  more  than  is  furnished  by  the 
stimulus,  and  much  of  what  we  "see"  is  not 
seen  at  all  but  is  derived  from  other  sen- 
sory and  motor  sources.   For  example,  we 
say  that  a  chunk  of  iron  looks  heavy.   But 
nothing  ever  looks  heavy.   Vision  is  here 
borrowing  from  the  muscles,  tendons,  skin 
and  the  surfaces  of  the  joints.   The  act 
of  perceiving  or  imprinting  experiences  is 
always  an  active  process  because  we  are 
absorbed  in  its  content  rather  than  its 
form. 

By  using  appropriate  exposure  devices  in 
the  laboratory  and  by  means  of  the  twenty- 
one  iniown  methods  of  measuring  the  reten- 
tion v-ie   have  accumulated  a  large  body  of 
facts  about  the  basic  processes  in  memory. 
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Vie  always  look  for  poor  methods  of  orij;;inal 
learning  when  anyone  comes  to  us  about  how 
to  improYe  his  memory.   For  experience  has 
shown  that  this  is  one  of  the  chief  sources 
of  trouble. 

Oddly  enough  imagery  plays  a  very  minor 
part  in  good  memory.   liartin,  lioore,  Wulf, 
Pieron  and  others  have  shown  that  in  the 
best  cases  of  retention  and  reproduction, 
imagery  is  vague,  fragmentary  or  entirely 
wanting.   This,  plus  other  facts,  enables 
us  to  set  down  as  a  myth  the  popular  notion 
of  the  "photographic  eye"  or  the  "photo- 
graphic mind,"  Any  camera,  substituted  for 
your  eyes  would  soon  be  abandoned  as  a  very 
bad  thing.   Mental  life  would  become  a 
hopeless  chaos  if  it  v\rere  furnished  with 
static,  exact  copy  images. 

liverything  that  you  learn  and  retain  works 
in  two  ways  to  influence  subsequent  learn- 
ing and  m.emory.   It  works  retroactively 
backward  to  reinforce  or  to  extinguish 
earlier  learned  things,  or  it  projects  its 
influence  forward  in  time  (proactively)  to 
help  or  to  hinder  newly  learned  things. 
Here  simdlarity  or  identity  of  meaning  is 
a  most  important  factor.   One  sure  way  to 
hasten  forgetting  is  to  learn  a  number  of 
things  simultaneously  which  are  closely 
similar  in  their  psychological  effects. 
This  rule  is  often  violated. 

Memory  can  be  greatly  improved  by  learning 
to  trust  yourself.   Taking  notes,  writing 
things  on  scraps  of  paper,  tying  red  yarn 
around  your  finger — all  such  things  are 
"crutches"  and  should  be  avoided.   Give 
good  impression  a  chance--and  your  nervous 
system  will  do  the  rest.   As  you  de^velop 
confidence  in  your  memory  you  will  be  re- 
paid by  its  better  performance.   But, 
finally,  do  not  expect  that  a  whole  new 
set  of  efficient  mental  habits  can  be 
formed  overnight  or  by  ''six  easy  lessons 
by  mail,,"  Memory  can  be  trained  so  that 
it  will  astonish  you  if  you  are  willing  to 
pay  the  price--which  is  (l)  to  vvork  pa- 
tiently and  conscientiously  (2)  using  pro- 
per methods,  (s)  o\er  sufficient  time. 

Yes,  memory  can  be  trained,  just  as  you  can 
form  any  other  habit.   In  the  last  few 
years  v\fe  have  studied  this  question  experi- 
mentally at  considerable  length.   One  of 
our  subjects  was  Dr.  Salo  Finkelstein,  who 


v;as  able  to  memorize  long  lists  of  numbers 
in  our  laboratory  faster  than  any  other 
person  had  ever  been  recorded.   Faster, 
that  is,  until  one  of  our  ovm  students  v/as 
trained  to  equal  and  in  some  cases  exce.ed 
the  vrorld  records  set  by  B'inkelstein. 
Suppose  someone  gave  you  a  telephone  number 
like  this:  7  295310&2684439d  .   This  nixmber 
contains  sixteen  digits.   It  was  memorized 
on  1,06  seconds,  V'/hile  twelve  digits  could 
be  memorized  on  0.537  seconds.   Tv\fenty-f our 
digits  took  an  exposure  of  5.77  2  seconds. 
Thus  while  tv^fenty-f our  is  twice  as  long  as 
twelve  digits,  it  takes  more  than  ten  tim.es 
as  long  to  memorize  it, 

iiny  average  person  can  be  trained  to  do 
things  of  this  sort  with  an  almost  un- 
believable skill,  provided  he  or  she  will 
use  the  proper  psychological  methods » 

But  ''I  have  trouble  remembering  names  and 
faces.  Hov^/  can  I  do  that  more  effective- 
ly?" 

Much  of  the  inability  to  recall  the  name  of 
the  man  you  met  and  talked  with  last  summer 
reduces  to  the  fact  that  you  did  not  take 
the  trouble  at  that  time  to  learn  the  name 
and  relate  it  to  the  face. 

The  next  time  you  are  introduced,  listen 
for  the  name  and  get  it  clearly.   Repeat  it, 
check  it,  verify  it  if  necessary.   Delay 
the  visual  size-up  of  features,  clothing, 
habits  of  speech,  business,  the  V'^eather  and 
all  such  considerations,  giving  the  naming 
process  time  to  register.   Do  not  try  to 
associate  things.   Do  not  use  "systems." 
These  will  only  hinder  you.   Practice  in 
recall,  several  times  in  the  first  few 
hours,  then  occasionally  thereafter.  And 
remember  that  to  master  an  apparently  sim- 
ple golf  stroke  is  no  simpler  than  the 
thing  you  wish  to  learn  to  do  well. 

Your  memory  is  really  a  marvellous  thing. 
It  is  a  priceless  treasure.   Its  dominant 
importance  was  clearly  recognized  'by 
Shakespeare  for  the  play-king  in  Hamlet 
said:  "for  purpose  is  but  the  slave  to 
memory. "  You  can  learn  to  remember--and 
to  forget--rapidly  and  effectively.   It  is 
an  interesting  undertaking  for  anj-one . 
Cultivate  this  skill  and  you  will  make 
your  mental  life  richer  and  m.ore  effective 
and  also  more  oleasant. 
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The  act  of  perceiving  Is  consummated  in 
naming,  handling^  classifying  or  ascribing 
value ;   rank_,  or  significance  to  things  or 
processes.   The  cognitive  phase  of  the 
perceptual  act  is  always  secondary  to  the 
motor  consummation.   The  earliest  and 
simplest  of  adjustory  movements  of  the  pro- 
tazoan  are  just  as  much  to  be  regarded  as 
"perceptual"  as  the  more  involved  problem- 
solving  activities  of  men.   The  differences 
arise  from  greater  limitation  to  the  pre- 
sent in  the  case  of  the  simpler  animals.- 
Their  behavior  repertoire  is  less  varied. 
Linkage  with  past  and  future  states  is  far 
more  limited. 

As  receptor  organisms  evolved  and  through 
enforced  training  became  highly  differen- 
tiated;, variability  in  patterns  of  both 
excitation'  or  impression  and  responses  were 
increased.   It  is  thus  that  the  stage  was 
set  for  learning  or  selective  resolution 
among  the  behavior  vectors .   Perception 
thus  must  be  regarded  as  a  primary  phase 
or  episode  In  the  continuous  stream  of  ad- 
justory movements.   Its  main  function  is  to 
set  the  organism  to  responding  in  ways 
which  are  for  him  biologically  and  psycho- 
logically expedient.   There  is  no  essential 
categorical  difference ,  therefore,  between 
perception  and  learning  except  perhaps  that 
learning  runs  a  longer  course  in  time.   In 
either  case,  the  essence  of  the  whole  series 
of  events  comprising  a  perceptual  or  learned 
act  lies  in  its  motor  character.   The  sen- 
sory or  impression  aspect  is,  in  itself,  a 
form  of  energy  Impact  tending  always  to  be 
more  and  more  closely  linked  in  time  with 
the  consummatory  movements .   As  early  as 
1896,  John  Dewey  cited  that  the  so-called 
stimulus  to  any  motor  response  all  must  lie 
inside  and  never  outside  the  act.   All  sen- 
sory functions  are  in  reality  motor  func- 
tions . 

The  major  part  of  the  history  of  perceptual 
theory  is  concerned  with  the  sensory  and 
the  cognitive  or  interpretative  aspects 


Such  theories  as  the  context  theories  of 
perception  were  intimately  bound  up  with  * 
atomistic  association  theories.   Percepts 
were  regarded  as  aggregates  of  separate 
simple  processes  bound  together  in  some 
poorly  understood  manner  by  the  mystic 
principle  of  association.   Such  principles 
were  beset  with  two  difficulties.   First, 
upon  examination  it  was  found  that  all 
percepts  have  as  their  first  and  principal 
characteristic,  essential  and  individual 
unity.   Upon  analysis  they  immediately 
lose  form  quality  and  therefore  all  sig- 
nificance.  Second,  it  is  impossible  to 
follow  rigidly  the  formula  of  the  context 
theory  in  the  laboratory  to  produce  the 
synthesis  of  the  unitary  percept  by  the 
artificial  combination  of  Its  alleged 
parts .   The  problem  of  meaning  under  such 
conditions  became  increasingly  troublesome, 
since  in  such  instances,  its  only  source 
was  a  derivative  of  the  contextual  sur- 
rounds.  It  was  difficult  to  see  how  mean- 
ing denied  to  the  nuclear  portion  of  the 
pattern  could  be  derived  from  the  fringe 
of  other  "sensations  and  images"  of  the 
same  qualitative  kinds.   The  early  recog- 
nition by  HeliBh.oltz  and  Herlng  of  the 
facts  of  color,  brightness  and  form  con- 
stancy, and  the  observations  of  Berkeley, 
Kant  and  Ernst  Mach  on  space,  particularly 
visual  space,  together  with  important  de- 
velopments in  experimental  biology  pointing 
to  strong  emphasis  upon  the  organlsmal 
hypothesis,  all  acted  to  turn  the  trend  of 
thinking  away  from  the  over -simplicity  of 
the  elementarlsm  and  associationlsm  of 
perceptual  theories. 

The  origin  of  non-atomistic  thinking  with 
regard  to  perception  is  not  an  invention 
of  Gestalt  theorists  in  psychologj^.   It  is 
true  that  Gestalt  psychology  has  made  ex- 
tremely important  contributions  to  oui" 
better  understanding  of  this  province  of 
knowledge.   It  is  also  true  that  those  who 
have  pioneered  in  this  field  realize  per- 
haps more  clearly  than  the  rest  of  us, 
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that  the  Gestalt  theory  needs  the  testing 
and  sifting  which  can  only  come  from  ex- 
tensive research^  before  the  final  truth 
can  he  written.   This  is  always  the  way 
of  scientific  development. 

No  other  group  of  scientists  working  on 
perceptual  problems  has  done  more  to  es- 
tablish a  clean  cut  working  hypothesis. 
To  EhrenfelS;,  Eubln;,  Wertheimer^,  Kiihler;, 
and  Koffka  we  owe  a  great  debt  of  grati- 
tude.  From  these  men  and  their  students^ 
for  example^  more  than  l^i-O  laws  or  prin- 
'clples  regarding  the  process  of  perceiving 
have  been  established.   Most  of  these 
principles  deal  with  field  structuring  in 
perception  and  consequently  can  be  reduced 
to  about  a  dozen  generalizations.   Helson 
has  done  this  job  and  with  some  slight 
changes  let  us  review  and  summarize  the 
principal  facts. 

Whenever  the  fields  of  the  two  retinas  are 
excited  by  a  visual  pattern,  the  masses  of 
form  are  not  all  equal  in  impression  value. 
The  field  tends  to  become  structured  and 
those  things  which  can  relate  to  one 
another  do  so.   Due  to  such  factors  as 
size,  brightness,  position,  movement,  ap- 
purtenance, etc.,  the  field  will  be  active- 
ly resolved  by  the  perceptor  into  its  best 
possible  form  which  conditions  will  permit. 
This. fact  is  principle  one. 

2.   The  principle  of  such  field  structuring 
is  that  of  a  figure  set  in  or  on  one  or 
more  grounds.   Figure  is  the  coherent  or 
salient  portion  of  the  pattern.   The  por- 
tions comprising  fore-  mid-  and  backgrounds 
are  the  supporting  framework  for  the  figure . 
Ground  always  plays  an  important  role  in 
figure  organization.   The  distinction  be- 
tween the  figure  portions  of  the  perceptual 
field  and  the  ground  is  always  in  operation- 
al terms   Figure  behaves  differently  in 
perception,  retention  and  recall. 

3-   The  structural  organization  of  a  per- 
ceptual field  will  vary  with  the  degree  of 
appurtenance  or  articulation  which  it  pos- 
sesses.  If  things  belong  together  they 
thereby  achieve  intrinsic  strength  and 
sali en cy. 

h- .      Forms  may  be  good  or  poor .   A  good  form 
is  good  because  of  the  degree  of  structural 
organization  it  possesses.   Because  of  this 
fact  it  has  high  impression  potency,  re- 
sists distortion,  persists,  and  is  easier 
to  recall. 


5-   Forms  likewise  may "be  strong  or  weak. 
A  strong  form  has  a  sort  of  inertia  which 
enables  it  to  resist  reduction  by  analysis 
or  fusion  with  other  f.orms  which  would 
cause  it  to  lose  its  individuality. 

6.   Closure.   Whenever  a  form  approaches 
a  stable  equilibrium  it  has  achieved 
closure.   Before  this  state  is  reached  it 
will  tend  to  change  in  the  direction  of 
more  and  more  stable  organization.   If, 
for  example,  part  of  a  figure  is  shown, 
the  perceiver  tends  to  fill  in  or  supply 
the  missing  portions  in  order  to  round  it 
out  for  more  achievement  of  stable  form 

7-   Forms  are  instances  of  field  dynamics 
in  the  sense  in  which  Faraday  used  that 
term.   The  field  in  such  a  case  is  an  in- 
tricate sensory-cerebro -motor  pattern. 
The  constant  flux  of  the  course  it  runs  is 
more  determined  by  what  the  organism  does 
than  by  the  physical  properties  of  the  in- 
stigating stimulus  pattern.   Left  to  them- 
selves, complex  forms  tend  toward  simpli- 
fication.  Weak  patterns  are  fused  or 
amalgamated  with  stronger  ones.   Closure, 
suppression  and  enhancement  are  constantly 
going  on , 

8 .   Forms  tend  to  maintain  themselves  and 
the  reappearance  of  a  portion  of  a  pre- 
viously experienced  field  tends  to  rein- 
state in  all  or  in  part  the  original  form. 
The  degree  of  persistence  will  be  dependent 
upon  such  factors  as  stability  and 
strength  of  organization. 

9-  Constancy,  Forms  tend  to  maintain  and 
preserve  original  size,  shape,  brightness, 
color,  etc- ,  in  spite  of  the  fact  that  they 
may  be  experienced  in  a  new  setting  unfav- 
orable to  the  maintenance  of  these  proper- 
ties . 

10   Fusion.   Two  or  more  forms  may  fuse 
giving  rise  to  a  new  shape  different  from 
any  of  its  constituents.   The  weaker  and 
more  poorly  articulated,  the  greater  the 
likelihood  for  fusion.   The  more  meaning- 
ful a  form,  the  greater  is  the  likelihood 
of  its  dominating  less  meaningful  ones, 

11.  Position.  Things  close  together  in 
space  and  time  and  similar  in  other  pro- 
perties tend  to  combine  into  more  stable 
structures . 

12.  Balance.  Forms  tend  toward  propor- 
tion, balance,  and  symmetry.   In  pictorial 
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conposition  the  presence  of  an  extraneous 
item  weakens  the  entire  structure.   Curved 
lines  are  alvvays  perceived  straip;hter  than 
they  really  are.   Host  of  the  so-called 
geometrical  "illusions"  are  instances  of 
this  principle. 

13.  Meaning  and  empathy.   The  search  for 
meaning  always  begins  with  the  moment  of 
impression  and  continues  as  far  as  it  can. 
The  more  meaningful  a  form,  the  stronger 
it  is,  the  longer  it  persists,  and  the 
more  easily  recalled.   iCmpathy  means  that 
the  forms  are  identified  with  significant 
structures  of  the  previous  personal  bio- 
graphy, 

14.  imbedding  and  disembedding.   Forms  and 
meanings  emerge  from  the  primary  massive 
or  undifferentiated  state  by  a  process 
which  Stern  and  others  have  called  disem- 
bedding.  This  process  may  be  regarded  as 
the  mechanism  that  will  help  portions  of 
the  total  field  achieve  figure  structuring, 

15.  Transposition,   Forms  exist  independ- 
ently of  their  constituent  elements  and  may 
be  transposed  without  change  to  other  ele- 
ments,  A  triangle,  for  example,  is  a  tri- 
angle whether  it  is  drawn  with  heavy  or 
light  lines  or  dots.   pLeve''sez  trained 


chicks  to  peck  grains  of  corn  from  the 
larger  or  brighter  of  tv'/o  gray  papers, 
regardless  of  size  or  brightnesso   This 
principle  is  of  great  importance  and  wide 
application.   It  means  essentially  that 
the  original  state  of  a  form  is  abstract 
and  generalized  and  exists  independent  of 
the  content.   It  i s  upon  this  law  that  we 
base  one    of  the  most  important  principles 
in  all  visual  training,  namely,  that  the 
formal  skill  is  set  up  independently  of 
content  and  in  consequence  is  transpos- 
able. 

The  formulation  of  such  a  law  places  the 
problem  of  the  general  versus  the  specific 
character  of  habits  upon  an  entirely  dif- 
ferent experimental  and  theoretical  basis 
than  the  empty  and  meaningless  concept  of 
the  "transference  of  training. " 

In  visual  training  one  of  our  main  objec- 
tives is  the  re-structuring  of  perceptual 
fields.   To  do  this  we  must  literally  by- 
pass the  eye  itself  in  order  to  create 
within  the  central  mechanism  a  new  pattern 
of  field  dynamics  which  may  impose  back 
upon  the  retina  the  necessity  for  better 
form  or  structure.   It  is  entirely  prob- 
able, for  example,  that  in  acuity  training 
this  is  what  takes  place. 
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The  perception  of  a  simple  form  is  a  very 
complex  function.   Gitson  showed  that  if 
a  -sector  representing  part  of  a  circle  is 
shown  tachistoscopically,  say  vvith  an  ex- 
posure of  less  than  five  milliseconds,  an 
observer  v^fill  see  the  line  less  curved  than 
it  is  in  fact.   He  "sees"  the  curve  as 
straighter  either  as  exhibited  by  his  drawn 
reproduction  or  by  his  selection  of  a 
matching  curve  from  a  graded  series.   If  a 
meaningless  shape,  composed  of  four  or 
five  straight  and  curved  lines,  is  shown 
and  the  figure  is  re-exposed  and  re-drawn 
until  a  replica  of  the  original  is  secured, 
a  surprising  number  of  exposures  is  re- 
quired.  If  the  observer  is  untrained  he 
will  master  a  part  of  the  total  form,  only 
to  lose  it  on  the  next  exposure  and  later 
regain  it.   he  sees  analytically,  piece- 
meal, disjunctively.   Only  as  he  eventually 
achieves  a  certain  unity  of  form  -  as  the 
visual  field  is  structured  to  give  proper 
relative  position  and  emphasis  to  its  con- 
stituent components,  does  the  observer 
really  "see."   This  is  a  process  of  highly 
intricate  internal  and  external  organiza- 
tion.  Form  is  an  adventitious  artistic 
achievement.   It  has  to  be  generated  and 
perfected  from  simple  beginnings.   Every 
visual  form  is  more  surrogate  and  redinte- 
grative  than  we  are  accustomed  to  think. 
Before  form  there  must  be  the  skill  to  see 
small  differences  and  likenesses  of  bright- 
ness, position,  size,  and  movement. 

For  years  it  has  been  clear  that  vision 
alone  does  not  and  cannot  produce  stable, 
sharply  etched  forms,  since  from  them  we 
cannot  subtract  the  contributions  of  pos- 
ture, of  the  skin  and  kinaesthesis,  and 
of  the  vestibule  and  the  cochlea. 

It  is  virtually  certain  that  visual  form  ■■ 
is,  like  m.elody,  a  unity  by  virtue  of  the 
fact  that  it  too  must  run  a  course  in  time. 
It  must  conform  or  cohere  to  the  schemata 
(Bartlett),  the  set,  f rame-of-reference, 
the  prodrom.e,  for  these  things  are  strong 
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determinants  of  form.   The  process  must 
thus  be  capable  of  foreshortening,  of  being 
•telescoped  or  condensed.   In  direct  appre- 
hension we  have  examples  of  this  sort  of  - 
thing. 

P'orm  thus  becomes  the  name  of  an  intricate 
perceptual  process  more  fundamental  than 
content.   To  train  and  develop  it  properly 
we  must  arrange  all  the  conditions  which 
9.re  most  favorable  for  it.   Some  of  these 
are  known.   Many  are  unknown.   When  we  re- 
strict the  time  of  exposure  we  not  only 
initiate  the  trend  toward  unity  and  co- 
herence in  the  pattern  of  the  visual  field 
but  we  bring  the  observer  more  and  mtore  to 
the  point  where  he  depends  less  and  less 
upon  the  external  conditions  of  impression 
in  order  to  perceive. 

When  we  seek  to  extend  sub-groupings  into 
larger  unities  we  virtually  reduce  the 
length  or  amount  of  the  material  and  in- 
crease the  certainty  of  the  instant  ap- 
praisal of  the  lattice,  so  highly  important 
in  the  highly  skilled  operation  of  the 
trained  perceiver.   To  illustrate  this 
point  concretely,  suppose  I  show  within  a 
field  a  12-letter  unfamiliar  word  or  a  12- 
digit  number.   The  grouping  pattern  will 
be  highly  individualistic,  but  also  sub- 
ject to  space,  size,  and  other  qualitative 
relations  inherent  in  the  context.   Group- 
ing-by-threes  often  become  sixes  and  pari 
passu  there  is  an  imraediate  awareness  of 
any  violation  of  the  formal  set-structure 
or  schema  for  "twelve-places."   Content 
may  be  present  but  out  of  position.   Form 
is  therefore  wrong.   For  example,  suppose 
we  show  2  9  5  &  3  1  4  6  5  8  £  9.   We  may 
get  a  reproduction  such  as  2596514 
6  5  9  2  8.   Such  a  case  illustrates  the 
priiiiacy  of  form.   It  is  the  kinetic  pat- 
tern of  organization  within  the  total  ex- 
ternal-internal field,   iill  the  digits  are 
correctly  reproduced.   If  we  examine  the 
inversions  or  position  errors  of  several 
such  instances  from  the  same  observer,  we 
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may  deduce  much  as  to  his  munner   of  {group- 
ing, phonation,  fixations,  and  may  watch 
the  change  from  day  to  day  of  the  increas- 
ing formal  orf anization.   To  appreciate 
such  skill  have  som.eone  type  any  12-digit 
number  on  a  3  x  5  card,   hold  it  in  your 
palm  and  give  yourself  about  a  0.6  second 
look.   V>irite  down  all  you  saw.   Take 
another  similar  number  and  with  a  friend 
timing  you,  take  as  much  exposure  as  you 
feel  you  need  as  the  minimurpi  to  give  you 
a  correct  reproduction.   Check  and  compare 
the  two.   Training  an  observer  to  an  ade- 
quate degree  of  skill  in  reproducing 
digits,  consonants,  or  geometric  forms 
will  develop  the  "feel"  and  assurance  for 
form.   This  v\fill  be  transposable .   i-.eading 
and  spelling  will  increase  by  leaps  and 
bounds.   "Macular"  seeing  will  take  on  a 
new  meaning. 

Detvv'iler  has  pointed  out  that  the  develop- 
ment of  the  macula  and  its  projection  areas 
'was  an  all  important  factor  in  the  evolu- 
tionary expansion  of  the  "visual"  cortex. 
Such  structural  increase  was  a  necessary 
f orervmner  to  the  development  of  linguistic 
and  similar  signaling  systems  which  form 
ihe  groundwork  of  human  culture.   This  is 
one  chief  reason  v^fhy  it  is  so  pathetic  to 
see  cliildren  grow  into  chronological  adult- 
hood with  large  fractions  of  this  precious 
potentiality  left  lying  fallow  and  un- 
trained. 

Theoretical  and  experimental  discussions 
of  the  many  aspects  of  the  form  problem 
began  about  fifty  years  ago.   farticularly 
prom.inent  names  in  the  early  history  of 
this  problem  are  those  of  ^.    Hach,  ^.  G, 
Husserl,  C.  Von  Jherenf'els  and  particular- 
ly F.  Schumann.   The  work  of  Schumann  pub- 
lished in  ISOO  is  singularly  modern  in 
tone  and  certainly  v.as  instruinental  in 
laying  the  groundwork  for  the  appearance 
of  certain  portions  of  the  perceptual 
theories  of  the  later  Gestalt  psycholo- 
gists.  It  is  not  our  province  to  revievi: 
in  detail  the  history  of  this  extensive 
experimental  theoretical  literature.   More 
recently  nuraerous  workers  have  tried  to 
put  to  the  test  of  experiment  certain  of 
the  theoretical  principles  laid  down  by 
earlier  theorists.   It  is  probably  true  to 
say  that  th.e  whole  problem  of  visual  form 
is  still  in  its  infancy  and  consequently 
there  will  be  quarrels  and  ambiguities  over 
definitions,  terminology,  and  the  formula-- 
tion  of  theory. 

One  of  the  most  fruitful  lines  of  approach 


to  the  problem,  is  the  development,  mainly 
during  the  last  quarter  century  of  motor 
theory.   The  essential  role  played  by  pos- 
ture and  movement  has  of  course  been  rec- 
ognized for  some  time,   Nuel,  liusatti, 
Judd,  Goldstein,  Purdy,  and  others  have 
contributed  to  this  point  of  viev<(  which 
states  that  all  visual  phenomena  have  a 
d;^Tiamic  or  motor  basis.   The  factors  of 
impression  are  not  the  determinants  of  the 
course  and  end  of  perception  but  rather 
action  patterns,  determining  tendencies 
and  impulses  to  movement.   Purdy  has  point- 
ed out-  that  the  perception  of  space  is 
ultimately  determined  by  motor  orientation 
tendencies,  by  the  central  arousal  of  motor 
impulses'   Different  objects  in  the  visual 
field  may  rise  simultaneously  to  opposing 
motor  impulses.   The  localization  of  ob- 
jects in  relation  to  each  other  is  deter- 
mined by  the  differences  between  the  dir- 
ections .of  these  conflicting  orintation 
tendencies.   It  is  this  rivalry  which  de- 
termines whether  a  particular  sLmultaneous 
pattern  is  conceived  as  a  unitary  whole  or 
as  an  aggregate  of  disconnected  parts. 
The  stronger  the  rivalry,  the  v^eaker  the 
coherance  of  the  phenomienal,  pattern.  ■  The 
weaker  the  rivalry,  the  stronger  the  co- 
herance . 

Schumann  showed  that  phenorienal  objects  in 
the  visual  field  may  change  with  shifts  in 
the  direction  of  attention.   If  one  eye  is 
hooded  and  a  single  point  source  is  seen 
and  the  observer  is  instructed  to  look  for 
the  appearance  of  a  second  point  eccentric 
to  the  first,  a  monocular  diplopia  may  be 
observed,   rurdy  also  noted  this  same  ef- 
fect.  One  of  his  observers  particularly 
had  no  difficulty  in  discerning  the  doubl- 
ing of  real  objects  in  the  visual  field. 
Purdy  says  that  "the  impressions  of  the 
fovea  appear  at  the  place  v.'here  attention 
is  directed,  and  all  other  im.pressions  in 
the  field  change  their  apparent  localiza- 
tion correspondingly," 

This  phenomenon  which  has  been  called  the 
Scniomann-ef f ect  has  most  important  theore- 
tical consequences.   It  means>  for  example, 
that  visual  form  is  never  a  constant  and 
fixed  pattern  but  depends,  ainong  other 
things,  to  a  very  p.arked  degree  on  the 
motor  activities  of  the  observer  both  pre- 
ceding and  during  the  time  of  observation. 
Purdy  states  further  that  "motor  impulses 
tend  to  shift  tne  pattern  of  sensory  ex- 
citation in  such  a  way  that  the  foveal  im- 
pressions are  seen  at  the  place  in  the 
visual  field  toward  which  fovea  is  impelled 
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to  orientate  itself »"  '  ■ 

Goldstein  and  Jablonski  showed  that  motor 
processes  not  only  influence  the  localiza- 
tion of  sensory  excitations  in  the  brain, 
but  also  can  determine  v\fhether  or  not  the 
sensory  process  is  being  sharply  localized 
at  all.   It  is  thus  possible  for  motor 
processes  to  exert  direct  influence  upon 
the  actual  distinctness  of  vision,   Rexroad, 
some  years  ago,  shov>/ed  that  if  strong 
m.otor  patterns  are  set  up  in  the  extrinsics 
the  after  image  which  is  certainly  partly 
retinal  and  partly  cortical  can  be  com- 
pletely suppressed.  \ie   must  conclude  from 
these  and  many  other  similar  instances  that 
the  v\feight  of  evidence  points  to  the  fact 
that  there  is  constant  natural  rivalry 
between  the  sensory  and  motor  systems  and 
that  the  natural  tendency  of  the  motor  ap- 
paratus is  tovsfard  equilibrium  v^/hile  the 
sensory  system  exerts  the  opposing  influ- 
ence.  The  motor  system  thus  can  react 
upon  the  sensory  excitation  pattern  so  as 
to  level  out  differences  which  oppose  the 
trend  toward  equilibrium, 

A  further  consideration  must  be  given  to 
the  genetic  development  of  perception.   In 
early  childhood,  coherence,  not  disjunction, 
is  the  primary  state.   The  child-s  vision, 
Claparede  pointed  out,  is  syncretic  and 
diffused.   The  phenomenal  v^forld  to  the 
child  is  not  an  array  of  discrete  elements 
but  rather  of  vague  totalities,   Purdy 
further  points  out  that  our  primary  problem 
is  to  explain  disjunction,  not  coherancoo 
'William  James,  thirty  years  earlier,  point- 
ed out  that  everything  coheres  that  can 


cohere;  and  nothing  separates  except  v/hat 
must.   Unless  some  active  influence  tears 
them  apart,  the  parts  of  visual  field 
always  form  a  coherent  unity,   'when  a 
simultaneous  rivalry  between  oculomotor 
tendencies  is  set  up,  disjunction  is  the 
consequence.   To  see  effectively,  there- 
fore, one  must  develop  the  active  skill 
of  arranging  conditions  which  will  permit 
certain  processes  of  the  visual  field  to 
become  salient  while  others  remain  ground- 
al.   Skill  is  not  only  a  process  of 
achieving  coherence  and  banishing  disjunc- 
tion, but  it  is  the  proper  and  opportune 
use  of  the  disjunctive  process  for  the 
disembedding  or  segregation  of  form. 

Some  of  these  functions  ultimately  achieve 
the  status  of  a  semi-permanent  structure 
of  the  perceptual  field,  for  example, 
habit  relief  in  stereoscopic  vision^ 

It  seems  clear  from  even  a  casual  survey 
of  experimental  and  theoretical  literature 
on  visual  form  perception,  that  this  is 
the  heart  and  soul  of  visual  trainingc   It 
is  likewise  clear  that  posture,  movements, 
fixations,  phorias,  ductions  and  such 
things  are  subsidiary  to  the  ultimate  end 
of  single  clear  shapes.   'When  the  orthop- 
tist  approaches  the  task  of  the  recon- 
struction of  vision  through  training,  lens 
application  and  what  not,  he  can  only  pro- 
ceed on  the  basis  of  a  clear  and  thorough 
analysis  and  understanding  of  the  visual 
status  quo.   There  can  be  no  question  that 
skill  in  seeing  can  only  be  developed  when 
the  primary  functions  are  first  brought 
to  the  state  of  function  compatibilityc 


PUiokolo^ficai  OfUici 


—BY- 
SAMUEL  RENSHAW,  Ph.  0. 
Ohio  S(at*  Univartity 


Copyright    I94A 


Duncan,    Okla. 


OPTOMETRIC  EXTENSION  PROGRAM 


PERCEPTION;    V 


March   -    1944 


Vol, 4      No. 6 


One  of  the  most  interesting  and  important 
things  about  the  effects  of  training  upon 
the  perceptual  function  lies  in  the  differ- 
ences which  mark  the  change  from  the  un- 
trained to  the  trained  or  skillful  status. 

From  many  experiments  made  in  the  last  dec- 
ade we  have  been  permitted  to  observe  these 
changes  and  to  set  down  some  of  their  char- 
acteristics „   In  this  paper  I  shall  report 
some  characteristics  of  the  stages  of  the 
perceptual  process,  and  in  a  subsequent  pa- 
per some  results  and  suggestions  for  train- 
ing vjhich  have  developed  from  many  experi- 
ments . 

It  is  of  great  importance  to  keep  in  mind 
constantly  that  the  trained  perceiver  a- 
chieves  a  result  vmich  is  essentially  and 
radically  different,  qualitatively  and 
quantitatively  from  that  of  the  untrained. 
Further,  the  change  in  function  due  to  pro- 
per perceptual  training  is  entirely  dif- 
ferent from  the  sheer  increase  in  memory 
content  which  may  result  from  frequent  im- 
pression or  detailed  analytical  study. 

One  of  the  primary  bases  of  differentiation 
Dies  in  the  course  in  retention  run  by  the 
total  impression  effect.  'From  the  moment 
of  impression  of  any  visual  pattern  there 
is  a  constant  process  of  change  in  the  sens- 
ory-cerebro-motor  residuum  left  by  that  im- 
pression.  If  the  pattern  has  been  seen 
piecemeal,  i„e.  by  the  successive  fixation 
and  examination  of  separate  parts  the  usual 
thing  found  is  that  v\(hen  retention  is  test- 
ed by  an  appropriate  method  the  weaker, 
less  coherent  of  these  drop  out  or  are  trans- 
formed to  fit  the  stronger  aggregates.  The 
whole  effect  notably  moves  in  the  direction 
of  conformity  to  sets,  patterns  or  schemata 
of  larger  scope.   These  may  be  recognized 
as  identifiable  with  such  broad  considera- 
tions as  temperament  —  the  cautious,  me- 
ticulous and  pessimistic  perceiver  exhibit- 
ing a  kind  of  shrinkage  and  deletion  con- 
trasting with  the  expansive  elaboration  '^f 
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the  converse  type. 

For  example,  a  paragraph  was  read  to  a 
third  and  to  a  sixth  grade  class  in  a  small 
city  in  a  far  Western  state.   Few  children 
had  ever  seen  even  a  medium-sized  city. 
The  paragraph  in  question  described  eleva- 
tors, doormen,  park  policemen,  apartment 
dwellings,  etc.   After  1  day,  1  week  and  6 
weeks  the  children's  reproduction  of  the 
story  was  written  as  best  they  could.  The 
change  in  the  pattern  to  fit  the  perceiver' s 
ovto  frames  of  reference  was  a  notable  char- 
acteristic.  The  loss  of  retained  fact  was 
large.   There  can  be  no  question  that  a  pri- 
mary objecti"ve  of  training  is  the  reorgan- 
ization of  the  residual  effects  of  previous 
experience  to  make  this  an  immediate  and  ac- 
curate means  for  the  identification  or  class- 
ification of  current  impressions. 

An  expert  botanist  conceptualizes  the  flow- 
ers belonging  to  a  specific  class,  order, 
genus,  species,  etc.   He  notices  instantly 
a  sport  or  mutant  which  "fits"  the  class- 
ification in  all  respects  save  one,  i.e. 
the  specimen  has  one  too  few  petals.   The 
"memorizer"  or  content-trained  perceiver 
would,  in  most  cases,  likely  miss  the  exam- 
ple completely,  generally  resorting  to  per- 
ceptual filling  or  such  like  to  take  the 
place  of  the  lack  of  accuracy  in  function. 

Perceptual  skill  is  primarily  therefore  not 
a  matter  of  refining  or  extending  the  pattern 
of  excitation  from  the  sense  organ.   It  is 
rather  a  transformation  of  the  whole  course 
of  the  function  in  terms  of  the  perceptual- 
motor-backstroke  processes  which  follow  im- 
pression.  This  latter  effect  extends  in 
time  and  so  produces  a  still  further  import- 
ant difference.   The  tendency  is  toward  sta- 
bility, accuracy,  speed  and  the  difficult 
to  describe  empathic  sense  of  competency  and 
mastery.   To  learn  to  trust  your  eyes,  brain 
and  effectors  is  thus  more  than  just  a  copy- 
book maxim.   Much  importance  attaches  to  the 
conditions  toid  events  which  both  precede  and 
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follow  the  period  of  impression.   As  in  the 
classical  reaction-time  experiment  there  are 
four  distinct  phases  to  the  process  of  the 
perceiving  of  any  set  of  exposed  figures: 

(i)  The  Foreperiod.   This  is  characterized 
as  the  period  of  instruction,  set,  orienta- 
tion, understanding  of  what  is  demanded  in 
the  situation  and  the  assumption  of  the 
proper  posture,  address  or  attitude  for  the 
reception  of  the  stimulus.   Dodge  has  named 
the  series  of  events  at  this  stage  proto- 
praxis,  which  literally  means  preparatory 
or  preliminary  movement. 

There  is  little  need  to  point  out  here  the 
great  importance  of  this  stage  in  the  pro- 
cess.  It  is  so  far-reaching  in  importance 
in  perceptual  experiments  by  tachistoscopic 
methods  that  Knight  one  time  said,  "It  is 
as  if  the  show  is  over  before  the  curtain 
g  es  upo"  What  one  perceives  is  so  large- 
ly determdned  before  the  stimulus  is  pre- 
sented that  not  only  should  great  care  be 
exercised  in  the  control  of  this  phase  but 
perhaps  also  we  must  regard  it  as  the  first 
and  most  important  objective  of  all  visual 
perceptual  training. 

Instruction  should  be  understood  in  its 
true  and  broad  scope.   If  I  say  to  a  trainee 
"You  will  see  a  small  circular  field  for  a 
very  short  time.   Fixate  the  black  cross  in 
the  red  pre-exposure  target.   Assume  an  ac- 
tive-search attitude.   Be  able  to  describe 
or  draw  what  you  saw  following  the  exposure." 
Such  a  verbal  instruction  must  be  heard  and 
understood.   It  must  be  accepted  and  will- 
ingly acted  upon.   What  goes  on  with  the  ob- 
server from  this  moment  until  the  exposure 
is  given  can  only  be  inferred  from  his  sub- 
sequent performance.   One  thing  however  is 
clear;  the  observer  may  make  an  honest  ef- 
fort to  rigorously  follow  the  spirit  and 
letter  of  the  instruction,  seeking  thereby 
to  discover  how  to  set  himself  so  as  to  ob- 
tain the  maximum  proficiency  in  performance, 
or  he  may  place  his  own  construction  upon 
what  is  to  be  done,  and  how  it  is  to  be  done 
projecting  himself  and  his  activities  "out 
there"  among  the  figures,  forms,  words,  etc. 
of  the  stimulus  much  as  if  he  were  select- 
ively clipping  flowers  from  a  garden  for 
a  living-room  bowl.   The  proper  conduct  of 
the  observer  and  the  perfectly  synchronig- 
'^d  and  synergized  efforts  of  observer  and 
experimenter  is  what  makes  the  experiment 
or  training  session  a  success  or  a  failure. 
So  it  is  easy  to  see  why  we  insist  that  ob- 


servation is  a  fine  art,  a  skill,  and  must 
be  learned  through  first  hand  experience. 
And  may  I  add  that  the  most  troublesome  and 
weakest  observer  to  whom  I  have  ever  tried 
to  show  a  tachistoscopic  form  for  reproduc- 
tion was  an  alleged  artist  --  a  painter  and 
writer  on  art  subjects.   He  was  simply  lock- 
ed in  the  fetters  of  finalistic  thinking 
and  no  r.-iatter  what  the  instruction  of  the 
experimenter,  he  followed  only  his  own,  and 
to  him,  the  better  course.   That  it  was  un- 
productive, erratic  and  not  conducive  to 
learning  was  of  no  consequence. 

Every  impression  serves  to  create  a  set, 
for  better  or  for  worse  for  the  next  ex- 
posure.  If  we  begin  with  small  numbers  of 
digits,  letters  or  geometric  forms  and  grad- 
ually expand  the  number  and  reduce  the  time 
as  we  see  it  to  be  appropriate  we  soon  real- 
ize that,  set  to  see  8  digits,  if  we  give 
only  7,  we  may  get  either  8  in  the  repro- 
duction or  a  sharp  complaint  that  there  was 
confusion,  blurring,  movement  of  positions, 
etc.   Blame  is  usually  ascribed  to  the  ap- 
paratus, to  the  targets,  to  the  experiment- 
er --  anywhere  except  to  the  place  it  right- 
fully belongs,  namely,  to  the  insult  or  dis- 
ruption of  the  dynamic  pattern  set  by  prior 
exposures. 

Skill  as  an  experimenter  or  trainer  means  a 
constant  alertness  to  sense  each  change  the 
observer  shows  and  to  vary  the  procedure  ap- 
propriate to  the  signs  he  exhibits. 

(2)  The  Impression  Period.  This  is  the  period 
of  the  appearance  of  the  stimulus.  It  fol- 
lows a  preliminary  "Ready"  warning  about  1  1/2 
seconds  before  the  "Now"  which  is  followed  an- 
other 1  1/2  seconds  later  by  the  exposure. 
This  phase  terminates  usually  several  seconds 
after  the  cessation  of  the  stimulus.  Any  ac- 
tivity before  this  time  will  result  in  a  sig- 
nificant suppression  or  ham.pering  of  the  ex- 
citatory process.  Stimulation,  as  Verworn 
pointed  out  many  years  ago,  is  a  process  of 
heightening  an  activity  which  is  set  to  go  or 
going  on  at  small  amplitude.  It  is  excellent 
advice  to  an  observer  to  give  the  impression 

a  full  chance.  Three  to  five  seconds  after 
the  exposure  should  elapse  before  beginning 
the  next  phase,  vd'iich  is  the  period  of  responsi 

(3)  The  Period  of  Response.   This  may  con- 
sist of  movements  of  naming,  handling,  draw- 
ing, or  implicit,  diffused  non-localizable 
motor  processes.  It  is  here  that  the  ef- 
fects of  phases  1  and  2  take  direction.  Quite 
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often,  as  emphasized  in  the  preceding  paper 
in  this  series,  the  motor  transforms  the 
sensory  or  bends  it  to  a  state  of  congru- 
ency. 

It  is  quite  important  that  the  perceiver 
from  tne  first  be  led  to  feel  and  exper- 
ience the  correct  consummatory  response. 
The  stimulus  is  the  agent  for  aggregation 
of  phases  j^  and  _3^.   Tnis  is  why  short- 
stroke  sketching  is,  like  cheiroscopic  draw- 
ing, such  an  effective  means  of  develop- 
ing correct  form  perception.   It  is  prob- 
ably the  reason  why  the  oral  method  of 
language  instruction  developed  by  Profes- 
sors Monroe  and  Hendrix  has  been  so  suc- 
cessful ^   I  am  told  that  learning  the  piano 
is  much  facilitated  by  the  ear-hand-eye  se- 
quence rather  than  eye -hand-ear . 

If  an  observer  sees  perfectly  a  group  of 
digits  or  other  forms  and  starts  his  oral 
reproduction  and  his  voice  stumbles  or  fal- 
ters v^e   have  observed  almost  invariably 
that  this  is  a  perfect  eraser  for  all  that 
follows o   The  blocking  may  occur  at  the 
very  beginning.   From  such  observations 
we  conclude  that  the  perceptual  act  is 
never  completed  until  this  third  stage  in 
process  has  been  successfully  negotiated. 

Early  in  the  training,  change  of  mode  of 
response  is  detrim.ental .   If  the  responses 
have  b^en  spoken  and  a  shift  to  writing  is 
made  there  is  a  period  of  readjustment. 
When  skill  has  reached  a  higher  level  of 
attainment  the  mode  becomes  more  a  matter 
of  indifference. 


entire  series  of  events  in  each  of  the 
four  phases.   As  training  continues  of 
course  foreshortening  tends  to  erase 
boundaries  and  it  is  as  if  the  whole  pro- 
cess takes  place  in  the  time  of  conduction 
and  reaction. 

The  backstroke  is  important  for  several 
reasons.   It  is  the  means  of  providing 
the  m.aintaining  stimuli  by  which  contrac- 
tile effects  can  be  made  to  greatly  outlast 
the  instigating  stimulus.   Pain  und    shock 
are  extmiples  in  which  the  effects  may  sum- 
mate,  often  to  the  point  of  disaster.  Cer- 
tain drugs  block  only  the  backstroke  (scopol- 
amin,  for  example)  so  that  single  volleys  and 
twitches  do  not  become  circular  and  self- 
maintaining.   It  has  been  shown  (Guthrie) 
that  when  certain  muscle  groups  are  cur- 
arized  conditioned  responses  cannot  be  es- 
tablished.  The  so-called  'substitute'  or 
conditioning  stimulus  must  operate  both 
with  its  own  and  the  unconditioned  or 
natural  response  mechanism  or  no  learn- 
ing could  be  made  to  take  place. 

Similarly  the  experiments  of  Shagass  are 
interesting.   Berger  waves  are  minute 
electrical  effects  picked  up  from  a  pat- 
tarn  of  electrodes  upon  the  head.   This 
investigator  conditioned  the  alpha  rhythm 
on  fist-clenching.   He  found  tnat  the  pro- 
cess was  reversible--clenching  the  fist 
induced  alpha  rhythm  and  alpha  rhythm  pro- 
duced a  noticeable  contraction  of  the  fist. 
When  an  observer  was  instructed  to  image 
the  fist,  movement,  the  alpha  rhythm  was 
induced „ 


Pressure  and  anxiety  to  make  a  perfect  rec- 
ord may  disjoin  the  motor  process.   The 
smooth  performance  of  the  expertly  trained 
perceiiier  is  like  the  highly  skilled  vir- 
tuoso--the  response  flows  ballistically 
out  of  nowhere,  vvith  great  ease  and  with 
it  comes  a  feeling  of  aestnetic  gratifi- 
cation and  confidence.   This  is,  no  doubt, 
a  partial  effect  of  the  o^'erlap  of  phase 
3  with  4_<, 

(4)   The  Period  of  the  Backstroke,   In 
this  phase  the  proprioceptors  within  the  ef- 
fector apparatus  discharge  centripetally 
into  the  active  regions  of  the  conducting 
structures  completing  the  organic  circuits 
and  giving  validity  and  unification  to  the 


The  backstroke  furnishes  the  only  reliable 
index  of  the  end  or  consequences  of  any 
act  of  perception  or  manipul&.tion.   It 
becomes,  therefore,  the  agent  for  the  act- 
ive reconstruction  of  subsequent  responses 
to  the  same  stimulus  pattern.   It  may  be 
regeirded  as  the  sajne  sort  of  scientific 
event  seen  in  gunnery  where  the  method  of 
approximation  and  correction  is  used.   One 
shot  is  over  and  another  under  by  measured 
and  observed  amounts.   Then  follov\fs  a  bit 
of  calculition  by  least  squares  and  the 
third  shot  is  right.   Without  such  a 
mechanism,  it  would  be  difficult  to  show 
how,  in  any  protoplasmic  organism,  ends 
can  and  do  transform  the  means  to  those 
ends . 


i. 


p444olud04^4CcU  UfUici 


—BY- 
SAMUEL  RENSHAW,  Ph.  D. 
Ohio  Stat*  University 


Copyright   194  A 


Duncan,    Okla. 


OPTOMETRIC  EXTENSION  PROGRAM 


PERCEPTION:   VI 


April  -  19  44 


Vol.4  No. 7 


The  tachistoscopic,  or  short  exposure,  meth- 
od of  perceptual  training  forces  the  obser- 
ver to  see  coherently  rather  than  disjunc- 
tively.  If  we  examine  the  statement  critic- 
ally it  contains  an  apparent  paradox.   If 
a  light  pattern  of  .003  second  duration 
reaches  the  eye  and  this  pattern  comprises, 
for  example  J  a  seven  digit  number,  such  as 
3795814,  physically  if  the  digits  are  of 
36  point  type  and  are  viewed  at  16  inches, 
the  region  of  retinal  excitation  will  lie 
well  within  the  limits  of  the  anatomical 
macula  (Polyak) .   The  phenomenal  macula, 
or  the  region  within  which  sharp  form  of 
each  digit  may  be  seen  may  be  more  exten- 
sive than  the  limiits  of  the  anatomical 
macula.   We  h8.ve  recently  secured  exper- 
imental evidence  that  the  limits  of  the 
phenomenal  sharp  form-field  can  be  extend- 
ed by  training.   To  vvhat  extent  is  uiiknown. 
But  the  fact  that  eccentric  regions  m.ay 
have  form  thresholds  lowered  from  training 
suggests  at  once  that  the  change  is  cortic- 
al rather  than  retinal. 

In  substantial  accord  with  such  reasoning 
may  be  cited  the  facts  of  the  Aubert- 
Foerster  phenomenon,  that  peripheral  acuity 
may  be  better  for  smaller  than  larger  tar- 
gets; the  susceptivity  of  the  perimacular 
regions  to  increased  resolving  power  conse- 
quent to  training;  and  the  observations  of 
Gelb  and  Goldstein,  and  others,  on  the  de- 
velopment of  pseudof oveae . 

Physically,  the  7  digits  at  3  ms .  reach 
the  retinae  essentially  as  a  simultaneous 
exposure  since  an  exposure  of  such  order 
lies  well  within  the  limits  of  the  specious 
present.   The  opportunity  is  therefore  pres- 
ent to  the  observer  to  see  the  7  digits  as 
a  simple  coherent  whole.   But,,  unless  he  is 
trained,  he  never  does. 

Psychologically  all  tachistonopic  exposures 
above  a  certain  very  low  temporal  limit  are 
successive  exposures.   The  digits  are  seen 
in  groups  and  sub-groups  with  some  at  once 
salient,  dominant  and  pace- setting. 


-25- 


(Schwarzbek,  Knight.)   The  nimiber  3795814 
may  be  seen  as  37-95-81-4;  as  379-581-4; 
as  379-5814  or  in  almost  any  of  all  pos- 
sible groupings. 

The  first  term  in  the  perceptual  structur- 
ing of  the  retinal  excitation  fields  is 
the  fact  of  grouping.   This  process  need 
be  regarded  as  nothing  more  than  the  m^an- 
ife station  of  the  fundament8-l  law  that 
every  field  composed  of  segregated  "parts" 
in 'different  positions  will  tend  toward 
a  more  stable  organization  as  a  figure  -- 
ground  structure.   The  order  in  which  such 
"parts"  are  apprehended  is  unknown  but  in 
the  main  probably  follows  the  temporal 
order  of  emergence  or  disembedding. 

Nor  do  we  know  the  "size"  (i.e.  fractional 
groupings  within  the  whole)  of  the  "parts" 
themselves.  (Schwarzbek. )   It  is  quite 
likely  that  the  time  relations  among  the 
successively  apprehended  groups  and  the  in- 
trinsic impression-index  of  the  individual 
groups  are  the  determining  factors.   Unity 
then  means  not  a  prim.ary  state  of  the  im- 
pression but  one  which  is  attained  by  an 
active  process  of  structuring  or  pattern- 
ing.  This  will  always  show  some  dominant 
regions  which  behave  as  figures,  with  the 
others  playing  a  secondary  groundal- i.-5le . 

Because  psychologically  the  present  is 
not  a  brief  point  in  time  but  a  variable 
distance,  within  this  specious  present  a 
nLmfoer  of  successive  units  will  be  per- 
ceived as  unitai-y  sub-groups. 

Lumley  showed  that  in  serial  multiple- 
choice  experim.ents  such  sub-groups  be- 
come larger  with  extended  practice.  From 
such  considerations  we  can  begin  to  see 
something  of  the  mechanism,  by  which  'lar- 
ger' perceptual  aggregates  become  phenom.- 
enally  'smaller'  as  a  consequence  of  train- 
ing or  practice-effect. 

In  quite  different  experiments  Gamble  (1916'^' 
md  Renshaw  (l932)  showed  independently. 
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that  if  units,  in  language  type  learning, 
are  presented  in  sufficiently  rapid  suc- 
cession, i.e.  v>?ith  little  or  no  opportun- 
ity for  grouping  afid  re-grouping,  no  leurn- 
ing  takes  place  even  vvhen  the  number  of  im- 
pressions is  very  large.   Skill  in  perceiv- 
ing must  be  therefore  a  function  wnich  in- 
volves a  second  stage  of  the  re-combination 
of  groups  and  sub-groups  to  conform  final- 
ly to  the  smooth  successive  motor  process 
employed  to  write,  draw,  or  speak  the  im- 
pression pattern.   An  analogy  is  the  learn- 
ing or  perceiving  of  a  melody  comprised  of 
a  sequence  of  discrete  tones--or  the  typist 
who  when  in  doubt  as  to  the  correct  spell- 
ing of  a  word  seeks  verification  by  writ- 
ing it. 

There  are  many  lines  of  evidence  wnich 
point  to  the  essential  soundness  of  such 
a  theoretical  approach  to  the  mechanism 
of  perceiving. 

« 
Ave  ling,  for  exejiiple,  shov/ed  that  if  he 
reversed  one  letter  in  a  series  exposed 
tachistoscopically  it  interfered  v>;ith  the 
others.   It  has  been  observed  many  tim.es  in 
our  laboratory  that  in  longer  exoosures  any 
digit  which  produces  an  eye-pause  in  the 
transit  of  the  eye  from  left  to  right  across 
a  horizontal  row  for  any  reason  will  have 
detrimental  effects  on  perception  and  re- 
production.  The  zero  is  the  v-zorst  offend- 
er in  this  respect--a  fact  vjhich  seems  to 
conform  to  similar  observations  of  Kbhler 
and  von  Kestorff . 

Likewise  we  have  shown  that  digits  snown 
in  a  clear  field  are  harder  to  organize 
and  perceive  than  digits  printed  upon  a 
microstructured  ground.   Position  of  any 
item  in  tne  visual  field  is  more  strong 
and  stable  if  that  item  has  an  ancnorage 
in  a  suitable  ground  or  is  seen  as  a  con- 
stituent of  juxtaposed  and  compatible 
other  (but  not  necessarily  similar)  items 
which  form  a  sub-group. 

It  has  long  been  recognized  that  the  act 
of  perceiving  runs  a  course  with  practice 
which  involves  telescoping,  foreshortening 
and  simplification.   Titchener  showed  that 
perceptual  actii/ities  which  early  show  all 
the  four  stages  described  in  our  last  paper 
(Vol. 4  No. 6)  finally  become  direct  appre- 
hension.  This  is  the  state  in  v^/hich  the 
executant  act  is  set  going  at  once  upon 
the  receiving  of  the  impression  impact. 
There  has  been  a  comLplete  or  partial  de- 


grading of  the  comiplex  series  ol  events 
which  Bartlett  has  described  as  "the  search 
for  meaning. "   It  becomes  less  and  less 
necessary  for  the  "stimulus"  to  be  clear, 
sharp  or  of  long  duration.   The  purely  sens- 
ory portions  of  the  total  function  diminish 
in  importance  reciprocally  with  the  rise 
of  the  emphasis  on  the  m.otor  aspect.   If 
we  can  imagine  a  perfectly  trained  per- 
ceiver  we  see  him  less  and  less  dependent 
upon  purelj^  sensory  differentiating  cues 
to  meaning--i .e .  to  a  final  satisfactory 
consumiaatory  response. 

Let  us  take  one  further  step.   The  re- 
peated adjustment  to  similar  situations 
must  be  assum.ed  to  leave  in  some  form:  with- 
in the  sensory-cerebro-motor  mechanism.S'.. 
patterns  which  become  increasingly  more  and 
more  non-specific.   Some  writers  hold  that 
our  fundamental  sentiments  on  rational  is- 
sues are  things  of  this  type;  non-specific, 
non-localized,  non-verbalizable  attitudes, 
sets.   These  kinds  of  things  constitute 
the  perceptual  frajues  of  reference,  which 
Knight  showed  play  such  a  decisive  role  in 
the  perceptual  process. 

Skill  in  po-rceiving  is  a  reorganization  of 
the  cortical-motor  consequences  which  fol- 
lov^[  excitation.   This  is  often  a  highly  in- 
dividualized thing   and  it  is  unsafe  to  pre- 
sume that  general  procedural  rules  can  be 
laid  down.   Schwarzbek  showed  that  after 
extensive  experimentation  and  analysis  of 
his  results  no  simple  and  constant  relation 
could  be  found  between  (l)  the  number  of 
digits  exposed;  (S)  the  minimal  time  of  ex- 
posure; and  (3)  the  mode  of  percei"ving  of 
the  subject.   Further  it  was  shown  that 
the'  rate  and  amoujit  of  improvement  were 
not  solely  dependent  on  the  amount  of  prac- 
tice and  that  the  slopes  of  his  curves 
were  the  saine  whether  an  ascending  or  de- 
scending order  of  length  of  number  was 
used  in  the  training. 

It  should  be  noted  that  in  these  experi- 
ments specific  number  patterns  were  shown 
but  once  to  any  observer.   Hence  improve- 
ment could  only  be  regarded  as  a  change  in 
the  form.al  process,  and  never  a  mere  fix- 
ation of  memorial  content.   Such  change  is 
not  a  consequent  of  the  adoption  of  su- 
perior method  alone.   Success  is  so  high- 
ly individual  a  matter  that  regular  and 
repetitive  methods  of  impression  prohibit 
reorganization  by  discovery  by  the  per- 
ceiver.   Gain  in  speed  and  accuracy  is  not 
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essentially  a  simple  matter  of  grouping 
skill.   The  same  grouping  processes  were 
observed  in  exposures  below  0.1  second  as 
in  m.uch  longer  nur.iber  and  exposures. 

It  is  safe  to  say  that  "associations" 
never  play  an  important  role  in  percept- 
ual training,  except  a  detrimental  one. 
They  are  never  seen  in  exposures  below 
5  seconds.   In  longer  ones  the  ascription 
of  a  number  combination  to  an  historical 
date,  for  example   is  aMost  certain  to 
hamper  and  interfere  v\[ith  all  that  follov\?s 
it.   For  instance  in  the  number  729149231- 
647295,  suppose  the  first  group  of  3  digits. 
729,  is  seen  to  be  follov'ied  by  1492  --  such 
emphasis  is  followed  immediately  by  large 
increases  in  error  in  all  positions  to 
the  right. 

Grouping  and  the  course  of  the  process  can- 
not be  controlled  consciously.   Intro- 
spective judgments  by  an  observer  as  to 
whttt  he  can  or  cannot  do,  the  correctness 
of  his  last  reproduction  of  a  seen  figure 
all  are  about  equally  unreliable. 


Vie  should  be  aware  of  the  f 
training  aims  at  the  ere at i 
of  functional  proficiency  i 
ism  wnich  is  non-specific, 
tery  of  the  technique  of  ta 
exposure  and  reproduction  o 
facilitate  the  m.astery  of  s 
reading  iCnglish  words.   It 
set  the  stage  for  the  more 
stable  improvem.ent  of  otner 
ceptual  functions. 


act  that  digit 
on  of  a  level 
n  a  miechan- 

ir'roper  mas- 
chistoscopic 
f  digits  Villi 
pel ling  and 
likewise  will 
rapid  and 

visual  per- 


If  TCA  is  shown,  the  same  letters  ar- 
ranged to  spell  CiiT  can  be  seen  farther 
away  and  in  shorter  time  (Cattell.). 
Children  learn  to  read  iCnglish  largely 
by  seeing  single  successive  words.   They 
must  later  learn  the  tricks  of  grouping 
or  rem.ain  as  many  do,  weak  and  ineffic- 
ient readers. 

Of  interest  in  this  connection  v^ras  Dr. 
Schv^/arzbek' s  study  of  the  relation  of  the 
time  required  to  read  aloud  a  nujnber  and 
the  exposure  time  to  m.em.orize  it  for  re- 
production^ by  Salo  Finkelstein; 


Length  of 

Number 

(Digits) 


Mean  Reading 
Time  ( Ave ,  of 
10  trials. ) 


Memorizing 
Time 


N 
9 
12 
15 
18 
21 


Sec. 

1.6 

2.5 

2,5 

3  =  3 

4,0 


Sec . 
„030 
o8  20 
1,47 
2,40 
4,40 


Note  that  at  21  digits  the  reading  tim^e  be- 
comes for  the  first  time  shorter  than  the 
memorizing  timiO  .   This  must  m.ean  that  be- 
low such  limit  the  visual  im.pression  is  in 
a  formative  stage  of  correlation  before  the 
motor  coordination  is  set. 


further  phases  of  the  process.   My 
thanks  are  here  expressed  to  Drs.  W.  C, 
Schwarzbek  and  Otis  D.  Knight  whose  ex- 
perimental and  theoretical  contributions 
to  these  problems  are  among  the  best  in 
the  literature. 


Our  paper  next  m-onth  w-ill  deal  with  some 
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The  consequences  of  acquiring  a  level  of 
perceptual  skill  at  or  "beyond  the  shoulder 
of  the  curve  of  improvement  are  many  and 
varied.   There  is  an  abundance  of  evidence 
that  there  will  be  found  covariantly  sig- 
nificant improvement  in  a  number  of  re- 
lated visual  and  non- visual  functions.   If 
the  training  is  given  on  digits,  for  ex- 
ample, at  the  far  point,  the  region  of  the 
phenomenal  m.acula  within  which  clear  forms 
may  be  seen  is  enhanced.   This  is  probably 
due  to  the  fact  that  in  repeated  exposures 
the  locus  of  fixation  changes  and  certain 
perim-acular  regions  are  utilized  which  or- 
dinarily would  not  receive  the  excitation. 
Bennett,  in  our  laboratory,  exposed  15 
letter  v;ords  to  a  trained  observer  for 
,001  second.   These  words  were  unfamiliar. 
They  were  double  spaced  so  that  at  16 
inches  the  subtend  was  12°19'40".   To 
quote  "These  were  enough  to  demonstrate 
the  possibility  that  words  which  extend 
beyond  the  macula  (anatomical)  can  be 
immediately  perceived."   During  the  past 
summer  Murray  made  an  extension  of  this 
kind  of  experiment.   We  arrang;ed  expos- 
ure materis.ls  eccentric  to  a  central  fix- 
ation target.   These  were  gradually  ex- 
tended to  include  a  larger  and  larger  sub- 
tend at  the  eye.   The  experiment  was  car- 
ried on  for  five  weeks  during  which  time 
four  of  five  observers  showed  significant 
gains  in  that  they  could  correctly  re- 
produce numbers  and  letters  correctly 
which  were  delivered  at  and  beyond  the 
margins  of  the  limits  given  by  Polzak  for 
the  macula.   Form  disappears  completely 
in  my  own  right  eye  at  11.5°  nasally. 
At  10°  a  36  point  letter  or  number  is  seen 
clearly.   At  12°  there  is  only  a  meaning- 
less 'something  out  there,'   Yet,  two  of 
Murray's  subjects  were  able  to  show  a  high 
percentage  of  right  reproductions  at  24° 
temporally,  and  I  tested  an  i\rmy  Colonel 
from  Mitche'll  Field,  £in  expert  pilot  of 
the  super-fast  fighter  planes,  who  re- 
ported correctly  every  36  point  number 
and  letter  I  showed  him  at  64°  tem.poral 


O.D.   This  is  about  the  limit  of  the  color 
zones  for  the  average  eye  (Duke-Elder). 
These  tests  were  made  on  a  Ferree-Rand 
perimeter  fitted  with  our  mirror  fixation 
and  special  target  holder.   A  naval  com- 
mander in  California  vAo  was  for  years  a 
football  official  on  the  Pacific  Coast 
gave  a  similar  response  to  a  crude  test  I 
m-ade  on  him  v\,'ith  numbers  cut  from  a  calen- 
dar.  There  is  little  doubt  but  pseudo- 
foveae  can  be  set  up  by  training  and  neces- 
sity' widely  eccentric  to  the  line  of  sight. 

From  our  Nav^^  experiences  we  have  seen  a- 
cuity  at  far  point  increased  in  myopes, 
with  also  significant  increases  in  No. 19 
finding.   Coupled  with  other  standard 
training  procedures  the  tachistoscopic 
training  will  be  found  to  be  a  valuable 
addition  to  the  procedures  available  for 
the  functional  reconstruction  of  seeing. 

A  highly  important  phase  of  tachistoscopic 
training  is  the  procedure  I  have  called 
counting.   By  counting  I  mean  the  instant 
and  accurate  estimate  of  the  number  of  unit 
positions  in  a  number,   without  this  skill 
the  formal  process  is  weak  ana  inaccurate. 

Early  in  our  work  we  discovered  that  if  an 
observer  had  been  seeing  12  digit  numbers 
and  vve  next  showed  him  an  11  digit  number 
he  would  frequently  reproduce  12  digits. 
If  one  additional  digit  was  shown  he  would 
again  reproduce  the  number  of  ditits  for 
which  he  was  set  by  instruction  to  see. 

From  such  observations  we  concluded  that  in 
the  absence  of  any  pre-exposure  instruction, 
a  portion  of  the  time  of  exposure  must  be 
devoted  to  a  "counting"  appraisal  of  the 
size,  length  or  pattern  relations  of  the 
impression.   This  comes  to  be  done  without 
awareness,  but  it  seem.s  to  be  a  component 
skill  of  the  highest  importance  in  the  de- 
velopment of  high  orders  of  skill  in  see- 
ing.  It  is  entirely  probable  that  in  read- 
ing or  the  perception  of  digits  or  conso- 


Page  #30.  -  Perception:   VIl  -  Vol.4   No.i 


nants,  counting  becomes  eventually  in- 
tegrated with  the  process  of  seeing  total 
form.   In  visual  patterns  such  as  a  iL.nd- 
scape  or  a  face  'counting'  probably  oper- 
ates as  a  first-order  type  of  field  struc- 
turing in  which  the  spatial  positioning  of 
total  masses  sets  the  stage  for  the  later 
and  more  elaborate  types  of  figure-ground 
organization.   Likewise,  it  is  probable 
that  this  function  is  the  'simple'  basis 
of  the  discovering  of  the  intrinsic  pat- 
tern of  organization  in  perception  which 
so  greatly  facilitates  the  whole  percep- 
tion-memory sequence.   To  illustrate, 
look  at  this  number: 

3813182328 

When  you  see  that  5  added  to  the  first 
digit  makes  8  (the  second  digit  8)  and 
that  5  added  to  the  8  gives  13,  the  next 
two  digits,  and  so  on  --  thus,  v\'hen  we 
"see"  this  scheme  or  'plot'  of  organiza- 
tion, the  labor  and  difficulty  of  per- 
ceiving and  remeihbering  is  greatly  reduced. 

The  term  'plot'  was  coined  by  Dr.  Otis  D. 
Kni£ht  V'/hen  he  was  a  graduate  student  in 
this  laboratory.   It  was  his  significant 
work  which  threw  much  light  on  the  mech- 
anism of  this  form  of  perceptual  training. 
Since  his  dissertation  is  as  yet  unpub- 
lished, it  seem.s  most  appropriate  to  quote 
Doctor  Knight's  own  discussion  of  this 
point : 

"The  concept  of  plot.   As  a  single  term 
to  express  the  unity  of  a  movement- system, 
tentative  or  overt,  as  Washburn  conceives 
it,  or  of  a  behavior-circuit  as  Gestalt 
theory  defines  it,  or  of  a  skill  in  rep- 
resentation of  stimulus  elements  occurs 
in  a  time-transcending  fashion,  as  describ- 
ed by  Renshaw  and  Bruce,,  the  term  plot  is 
proposed.   In  a  plot  there  m.ay  be  active, 
forward-moving  sub-plots,  totally  unrelat- 
ed in  effect  unless  their  participation  in 
the  m_ain  plot  is  considered,  but  compt^tible 
when  it  is,   A  plot  may  be  given  in  a  tele- 
scoped way,  just  as  the  plot  of  a  story  is 
present  in  the  title  to  one  who  is  famil- 
iar with  the  story.   It  may  be  imperfect, 
may  lack  esthetic  (cf .  dramatic)  unity, 
coherence,  and  grace;  but  with  repetitions 
its  felt  awl<OTardness,  irrelevancies ,  and 
excesses  tend  to  realign  themselves  or  to 
disappear  --  not  additive ly  nor  subtrac- 
tively,  but  in  a  transf ormsition  of  the 
processual  whole.   It  is  never  a  constant 


and  detailed  projection-counterpart  of  a 
sensory-field  pattern;  never,  on  tne  otner 
hand,  out  of  relation  to  one.   iiven  in  free 
imaj^iery,  environm.cntally  determined  pos- 
tures, responses  to  gravity,  temperature, 
blood  chemistry,  self-instruction,  and  the 
like,  lay  down  at  least  broad  limitations 
to  the  scope  and  direction  of  the  plot. 
The  sensory  field  provides  and  pe^rtly  sets 
the  stage  on  which  plot  runs  its  course. 
This  may  be  in  simplest  and  briefest  out- 
line, or  may  be  elaborated  to  the  last  del- 
icacy of  phrase,  --  the  fundamental  plot 
is  the  same  in  either  case.   Plot  is  ob- 
jectively vvhat  m.eaning  is  phenomenally. 

Perception  and  memory  are  always  only  more 
or  less  surrogatory.   Physically  an  ink 
blot  on  a  page  is  sv\firling  aggregation  of 
myriads  of  unit  charges  of  electric  force 
in  explosive  activity.   Nothing  about  the 
perception  of  it  suggests  this.   Such  a 
perception  is  rather  a  way  of  doing,  a  way 
of  adjusting  in  a  world  in  which  ink  blots 
occur;  not  a  direct  representation  or  know- 
ing of  the  complex  physical  activity  system. 

Plot  is  always  subject  to  refinement,  al- 
ways short  of  perfect  economy  of  energy. 
Ultimate  adequacy  in  perception  would  im- 
ply com.plete  quiescence,  experiential 
blankness.   Both  the  image  and  language  are 
subtended  by  fluent  perf  orm.ance ,  though 
not  with  perfect  fluency.   Performances  al- 
ready made  fluent  by  learned  refinement  of 
plot  constitute  effective  set.   In  all  flu- 
ency the  element  of  time  becomies  spurious, 
unless  time  is  seen  as  a  qualitative  at- 
tribute of  performance,  not  as  a  limiting 
frame  in  which  acts  are  run  off  serially. 
Fluency  means  that  a  behavior-circuit  has 
come  to  involve  its  own   end  from  its  on- 
set.  A  fluent  performance  underlies  every 
experienced  whole.   If  cohesion  or  nomo- 
geneity  is  the  primitive  stuff  out  of 
which  all  articulation  is  derived,  its  sim- 
plicity is  imposed  by  a  motor  resultant 
from  stimulation.   As  a  simple  experimental 
check  on  the  truth  of  this  statem.ent,  let 
the  reader  observe  the  difference  in  qual- 
ity in  the  darkness  in  a  perfectly  dark 
room  with  eyes  open  and  with  eyes  shut.   It 
must  be  supposed  that  even  in  the  simplest 
esse  the  performance  resultant  from  a  given 
set  of  stim.ulating  field  conditions  is  in- 
describably complex,  but  is  based  on  pos- 
ture as  a  vehicle  in  which  are  compounded 
language,  gesture,  and  the  whole  array  of 
representative,  foreshortened  constitutiA;e 


Page  #31  -  Perception:   VII  -  Vol.4  No.  I 


responseso 

Accordingly,  ground  may  be  defined  as  a 
particular  set  of  conditions  that  make  up 
a  referential  frame.   It  is  organized  in  a 
relatively  more  leveled,  totalized,  homo- 
geneous way,  and  includes  both  excitation 
and  trace  factors  (set,  interest).   In  this 
frame  plot  runs  its  course  in  the  partic- 
ular way  dictated  by  the  necessity  of  main- 
taining its  own  sharpened,  accentuated  or- 
ganization in  a  functional  relationship  to 
concurrent  and  preceding  ground. 

The  initial  lag  of  the  figural  experience, 
reported  by  all  subjects,  is  in  accord 
with  the  temporal  values  assigned  to  the 
emergence  of  figure  quality  in  black  areas 
on  white  grounds  by  Wever.   From  expos- 
ures of  less  than  ten  milliseconds  his 
subjects  were  not  able  to  obtain  the  fig- 
ure experience.   From  ten  to  thirteen 
milliseconds  exposure  produced  a  certain 
kind  of  figure  experience  to  which  the 
name  simplest  was  given.   Fifteen  to 
twenty  milliseconds  produced  good  ex- 
perience, and  twenty-five  or  more  milli- 
seconds were  required  to  produce  perfect 
experience o   Each  of  these  kinds  of  ex- 
perience  has  its  own  peculiar  character- 
istics in  shape,  localization,  depth, 
and  contour o    The  time  values  are 
more  congruent  with  effector-reactions 
than  with  changes  in  electrostatic  fields. 
In  that  an  eight-place  number  in  36  point 
type  can  be  correctly  reproduced  after  an 
exposure  of  only  three  milliseconds.  How 
are  these  two  orders  of  facts  to  be  recon- 
ciled?  It  is  clear  that  the  ordinary  pro- 
cesses- of  approximative  and  corrective 
eye  movements  in  reading  could  not  take 
place  in  the  latter;  what,  then,  does  hap- 
pen?  For  one  thing;  per si  stance  of  retinal 
excitation  which  provides  a  readable  image 
is  denied  by  all  subjects.   For  another, 
the  subject  must  know  that  the  exposed  ma- 
terial is  to  be  numbers,  and  must  know  how 
many  digits  there  will  be,  and  must  have 
had  protracted  previous  practice  in  mem- 
orizing numbers  not  too  long  before  the 


attempt  is  miade,  although  the  practice 
need  not  be  with  the  extrem.ely  short  or- 
der of  exposure  times  or  relatively  short 
numbers  involved  in  what  is  usually  call- 
ed spanning.   Success  in  the  act  is  not 
invariable,  and  the  successful  act  is  al- 
ways characterized  by  the  subject  in  def- 
initely motor  terms;  he  must  set  himself 
in  a  particular  way,  he  must  carry  out  an 
undescribed  but  aggressive  activity  of 
some  sort  before  there  can  be  even  the  be- 
ginning of  report.   If  this  activity  is 
smooth  and  precise,  if  there  is  no  tripping 
or  stumbling,  if  the  launching  of  the  act 
is  auspicious,  there  may  be  success;  other- 
wise, never.   It  is  a  misstatement  to  say 
that  an  eight-place  number  is  perceived 
in  three  milliseconds;  there  is  invariably 
a  delay  before  the  subject  begins  his  re- 
port, and,  while  no  quantitative  determina- 
tions of  the  extent  of  this  delay  have  been 
attempted,  there  is  every  reason  to  be- 
lieve that  it  is  at  least  as  long  as  the  or- 
ders of  time  suggested  by  Wever  as  neces- 
sary for  the  emergence  of  good  or  perfect 
figure.   We  may  conclude,  therefore,  that 
if  the  action-plot  for  material  about  to  be 
seen  is  sufficiently  sharpened,  ground  will 
be  very  near  figure.   Most  of  the  consti- 
tutive performance  will  have-  already  taken 
place;  the  bulk  of  the  show  will  have  been 
acted  out  before  the  number  is  exposed. 
But  this  calls  for  a  very  high  order  of 
skill.   Not  just  anybody  can  do  it.   The 
exposed  digits  have  a  value  as  signals  in 
the  super-performance,  even  when  periph- 
erally given,  and  probably  even  if  the  eyes 
are  in  motion,  that  they  lack  entirely  for 
the  novice . " 

It  can  be  seen,  from  the  above  quotation, 
that  skill  in  "plotting'  is  a  highly  im.- 
portant  product  of  learning  in  training  to 
perceive.   It  is  almost  always  self- 
taught  and  consequently  often  badly  taught. 
It  is  one  of  the  things  which  suffers  first 
from  a  relaxation  of  proper  m.otivation. 
Introducing  an  able  learner  to  the  concept 
of  plot  is  often  enough  to  start  him  on 
the  road  to  superior  achievement. 
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Perception  is  essentially  a  dual  process. 
The  two  phases  are  opposite  and  antagonis- 
tic functionSa   The  first  has  been  called 
aggregation  or  massing.   Since  every  percept 
is  comprised  of  a  number  of  widely  different 
components  coming  from  different  sense 
modalities,  the  combination  of  all  of  these 
tends  to  be  experienced  as  a  single  unity 
as  best  it  can.   For  example,  the  taste  of 
lemonade  to  an  untrained  observer  is  a 
single  quality  comprised  of  such  factors  as 
temperature,  odor,  texture,  flavor,  etc. 
Yet  the  blend  is  tasted  as  a  single  simple 
quality.  i\£teT   training  it  will  be  noted 
that  certain  of  these  qualities  emerge  in 
a  variable  temporal  order  and  the  pattern 
may  show  itself  as  an  aggregate  of  qualities 
with  VNfidely  differing  intensities  » , 
Aggregation  or  massing  is  the  process  by 
means  of  v\fhich  we  see  things  together.   Even 
in  simple  shapes,  the  process  is  ever 
present,  and  the  skill  with  which  v\fe  do  it 
is  of  fundamental  importance.   Spearman, 
a  n\imber  of  years  ago,  said  "relations 
furnish  the  very  woof  and  warp  of  shapes 
or  whole  qualities."   (Brit,  Jour,  of 
Psychol.,  1929,  19,  p.  3,)   The  essence  of 
this  process  is  to  see  intrinsic  relations 
of  appurtenance  or  belongingness  v^hich 
establishes  a  basic  coherency  within  the 
members  or  'parts"  of  any  perceptual  pattern. 

It  is  very  likely  that  in  this  function  we 
find  the  essence  of  the  process  of  creative' 
imagination  or  invention.   It  is  the 
mechanism  by  means  of  which  the  observer 
designs  a  tool  out  of  sticks,  stones,  and 
string,  figuratively,  to  solve  a  problem 
in  mechanics  otherwise  impossible  of 
solution. 

It  should  be  pointed  out,  likewise,  that 
sensitivity  to  the  detection  of  these 
relations  is  enhanced  by  practice  or 
training  and  that  it  is  not  localizable  or 
subject  to  direct  conscious  control.   Just 
as  in  any  form  of  problem  solution,  the 
proper  time  and  space  relations  for  the 
emergence  of  the  solution  cause  it  to 


emerge  unconsciously.   The  process  is 
fairly  launched  on  its  way  when  the  per- 
ceiver  discovers  identities  of  forms  and 
functions  in  the  total  stimulus  v\fhich 
confronts  him.   In  the  development  of 
perception  in  young  children  it  is  not 
uncomiaon  to  find  this  process  active 
almost  as  soon  as  the  child  learns  to 
walk  and  talk„   In  other  children  the 
delay  in  the  appearance  of  this  ability 
to  see  relations  may  extend  to  the  eighth 
year  or  even  to  puberty.   It  should  be 
clearly  born  in  mind  th£.t  part  of  the 
structuring  which  means  the  emergence  of 
clearly  identifiable  form  has  its  origin 
in  the  interrelations  of  the  various 
components  in  the  stimulus  pattern.   For 
example,  some  parts  may  be  grouped  to- 
gether because  they  all  have  comparable 
brightness  and  all  consequently  contrast 
with  other  portions  serving  as  surrounds e 
But  we  must  also  bear  in  mind  that  an 
equally  important  phase  of  the  process 
occurs  when  the  afferent  volleys  from,  the 
sense  organs  give  rise  to  central  processes 
in  the  brain  and  nervous  system  which 
redintegrate  similar  types  of  m.ovem.ents 
expressed  in  the  original  situationo 
Note  that  we  have  deliberately  avoided  the 
assumption  that  the  perceptual  act  is  con= 
summated  by  fusion  or  blending  of  the 
afferent  sensory  pattern  with  som.e  more 
less  prominent  hysteresis  effect  left  in 
the  fabric  of  the  cortical  cells  from 
prior  instances  of  the  same  sort,.   The 
wealaiess  of  such  argument  lies  in  the  fact 
that  if  v^'e  subscribed  to  it  in  this  form, 
we  should  imiiiediately  coimnit  ourselves  to 
the  doctrine  that  the  strength  and  the 
validity  of  perception  is  a  direct  correlate 
of  the  frequency  of  any  single  response  to 
the  stimulus  pattern„   The  work  of  Dodge 
on  variability  in  behavior  is  sufficient, 
I  believe,  to  nullify  any  such  argument. 
The  position  taken  in  this  paper  does  not 
deny  the  importance  of  memory  traces,  nor 
does  it  disregard  the  possibility  that  the 
training  of  the  perceiver  is  always  a  case 
in  which  there  comes  to  be  less  and  less 
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dependence  upon  the  properties  and  attri- 
butes of  the  stimulus  pattern  and  more  and 
more  derived  as  the  contribution  of  cen- 
tral mechanisms.   This  fact  has  been  point- 
ed out  repeatedly  for  example,  in  the 
V'/ritings  of  Titchenerj  v\fho  cites  the  in- 
stance of  walking  through  the  lawn  and 
wondering  how  the  piece  of  broken  glass 
got  there.   On  closer  scrutiny  he  saw  that 
the  bright  refractance  was  from  a  piece  of 
whitish  limestone.   Interpretation  often 
runs  far  in  advance  of  the  physical  facts 
that  are  given „ 

In  tachistoscopic  training  we  must  constant- 
ly be  aware  of  the  fact  that  much  of  our 
effort  is  directed  to  the  business  of  re- 
organizing the  conventional  habits  of  the 
observer  in  grouping  and  subgrouping. 
Skill  emerges  as  a  consequent  of  being  able 
to  build  homogeneity  into  a  perceptual 
structure  which  otherwise  would  be  seen  as 
a  mere  collection  of  discrete  items.   The 
basis  of  the  seen  relation  which  favors 
coherence  and  homogeneity  is  perhaps  an 
expansion  of  a  function  present  from  very 
early  age.   From  childhood  to  adulthood  we 
are  constantly  exercising  the  counterforce 
of  analysis.   What  people  call  attention 
and  concentration  is  the  business  of 
singling  out  and  setting  apart  features 
within  the  total  perceptual  pattern 
selected  for  more  intimate  scrutiny.   It 
is  clear  that  such  habits  tend  to  hamper 
and  interfere  with  perceptual  aggregation. 
The  poor  reader,  for  exam.pls,  sees  words  as 
individual  particles  of  sentences,  just  as 
he  probably  sees  each  separ&.te  brick  in  the 
mosaic  of  a  common  brick  walk  as  a  unit. 
The  pattern  of  the  tile  bathroom  floor, 
however,  takes  on  many  shapes  and  arrange- 
ments.  In  some  instances  it  is  not 
difficult  to  pass  from  one  to  another  until 
a  dozen  distinct  form.s  emerge  perceptually 
within  almost  as  many  seconds,   Tachistosco- 
pic training,  which  is  primarily  devoted 
to  developing  this  unseen  skill  of  per- 
ceptual aggregation  should  never  be  lost 
sight  of „   Its  status  can  only  be  derived 
from  the  case  study  and  analysis  of  the 
observer's  successive  performance  v\fith 
appropriate  materials  and  the  subjecting 
of  these  results  to  careful  and  thoughtful 
analysis  <, 

Most  of  the  problems  of  syntax  arise  in 
this  manner.   For  example,  look  at  the 
following  sentence: 

John  said  his  teacher  was  a  fool. 


If  we  insert  a  comma  after  John  and  after   j 
teacher  or  if  we  merely  insert  a  comma      j 
after  the  v^/ord  said  we  may  immediately 
transpose  subject  and  object  in  the  sen- 
tence.  Meaning  thus  largely  derives  from 
grouping.   Grouping  largely  derives  from 
the  perceptual  and  attitudinal  habits  of 
the  observer.   Let  it  be  emphasized  that 
strong  and  important  as  vie   must  regard 
the  function  of  aggregation  as  a  basic 
skill  in  learning,  to  perceive  we  still 
must  give  due  and  proportional  emphasis  to 
the  second  of  these  functions  which  it  is 
the  object  of  this  paper  to  describe. 

This  second  function  v^e    shall  designate 
as  segregation  or  disembedding.   It 
should  be  noticed  that  by  these  terms 
we  do  not  mean  the  mere  selective 
emphasis  referred  to  above  as  attending 
or  concentrating  on  some  feature  of  a 
total  pattern.   Segregation  or  dis- 
em.bedding  refers  to  the  active  process 
of  reducing  virtually  all  portions  of 
the  pattern  to  the  status  of  a  ground 
which  thus  permits  the  figure  to  emerge 
as  a  sharply  defined  unit.   The  task  of 
segregation  or  disembedding  is  often 
difficult  because  it  must  be  accomplished 
in  the  face  of  the  forces  of  aggregation 
which  in  some  instances  are  quite  strong. 
It  hcJ.s  been  pointed  out  by  a  number  of 
experimenters  that  if  a  figure  such  as 
the  following  is  shown  for  a  brief  exposure, 
it  is  only  with  difficulty 


c 


that  we  m.ay  discover  in  the  centra]. 
portion  of  this  figure  the"  Fnglish  capital 
letter  "K. "   The  "K"  is  effectively 
masked,  hidden,  or  embedded  in  the  whole 
pattern,,   The  symetry  of  the  two  hexagons, 
separated  by  a  vertical  line,  VNforks  to 
keep  us  from  seeing  the  superstructure 
which  is  the  iCnglish  letter.   Skill  in 
segregation  m.ust  also  be  developed  by 
training.   Just  as  in  the  opposite  process, 
the  mechanism  is  impossible  or  difficult 
to  localize  and  the  forces  which  control 
it  are  not  open  to  us  for  direct  control. 
It  is  a  task  for  the  future  in  research 
in  this  province  to  devise  suitable 
materials  which  will  give  us  tested  and 
proven  results.   At  present  we  must  rely 
upon  the  fact  that  we  subject  the  trainee 
to  a  sufficient  variety  of  perceptual 
tasks  that  he  V'/ill  discover  for  himself 
the  m.eans  of  exercising  both  important 
functions.   Digit  groups  seem  to  provide 
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for  this  type  of  training  in  r-a"Led  degree. 
It  is  entirely  possible  that  any  twelve 
digit  nijinber  shown  to  an  observer 
tachistoscopically  forces  him  simultaneous- 
ly to  organize  the  total  impression 
into  its  final  stable  form  by  the  exer- 
cising; of  both  of  the  above  described 
functions.   It  is  easy  to  conceive  how 
aggregation  could  operate  upon  groundal 
features  while  at  the  same  time  the 
segregation  of  the  figure  goes  on  apace. 

One  further  :  act  needs  emphasis.   As 
training  proceeds  there  is  always  a  tendency 
toward  simplification  or  fore-shortening. 


This  process  we  look  upon  not  as  a  primary 
function  but  as  a  derivative  of  the  process 
of  aggregation  and  segregation,   .is  train- 
ing proceeds  vie   knov^f  that  the  factor,  time 
of  exposure,  becomes  less  and  less  signifi- 
cant,  wb servers  are  frequently  astonished 
to  find  that  perceptual  functions  previous- 
ly consummated  at  one-hundredth  second 
can  now  be  done  quite  easily  at  one- 
thousandth  second.   It  is  probable  tha': 
this  only  means  that  the  relation  betvjeen 
intrinsic  organization  and  time  has  under- 
gone a  characteristic  change.   It  is,  per- 
haps, the  reason  vAy  we  have  come  to  place 
less  and  less  stress  upon  the  time  factor. 
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As  you  read  through  this  series  of  papers 
on  the  general  problems  of  perception,  it 
becomes  clear  that  we  are  not  greatly 
concerned  with  the  placing  of  strict  cate- 
gorical limitations  upon  the  meaning  of 
this  term.   If  it  is  true  that   to  be  is 
to  be  perceived',  it  is  equally  true  that 
the  act  of  perceiving  which  names,  class- 
ifies, signifies  and  orders  objects, 
events  and  relations  for  both  immediate 
and  subsequent  handling  is  an  act  which 
extends  beyond  the  presents  Me   have  em- 
phasized previously  that  the  stage  is  set, 
the  course  determined  in  most  instances 
well  in  advance,  tempor-ally,  of  the  sen- 
sory impression  patterns  which  represent 
things  'out  there*.   The  function  of  these 
excitation  patterns  thus  becomes  more  and 
more  an  agent  of  merely  f ur"t"hering  the 
activities  already  set  to  go  or  in  process 
in  low  degree  at  the  moment „   Verworn 
pointed  out,  many  years  ago,  that  a  stimu- 
lus can  serve  but  one  function  --   i^e,,  to 
heighten  the  rate  of  oxidation  oi"  the 
activity  of  a  mechanism  which  has  previous- 
ly been  set  on  its  way^   Most  predictions  . 
are  things  of  this  order. 

The  emphasis  v\rhich  should  be  placed  upon 
the  backstroke,  the  events  which  follow 
the  manifest  consummation  of  the  act,  has 
likewise  been  made  in  a  previous  paper' 
From  these  considerations  we  must  view  the 
perceptual  act  as  a  long-section  process, 
truly  molar  in  the  sense  set  forth  by 
VIertheimer  and  Tolman,   And  if  such  position 
can  be  held,  among  other  consequences  is 
an  immediately  recognized  difficulty  in 
harmonizing  it  with  such  recent  theory  as 
that  proposed  by  Professor  Hull  (Princi- 
ples of  Behavior,  '43),   The  whole  trend 
of  experimentally  observed  fact  and  of  the 
theory  deducible  from  it  seems  to  me  to 
point  in  a  different  direction.   It  shall 
be  our  task  in  this  paper  to  examine  three 
or  four  phases  of  the  problem  which  have 
some  very  important  bearings  in  psycholog- 


ical optics. 

First,  let  us  look  at  a  concrete,  everyday 
case »   A  girl  of  17  comes  in.   She  is 
about  to  graduate  from  high  school.   She 
leads  her  class.   Her  general  health  is 
good.   She  wears  about  5A  minus  spheres, 
having  "achieved"  these  by  an  annual  series 
of  steps  starting  with  -0.5  at  age  6.   She 
is  a  high  esophoria  at  both  far  and  nearo 
Pursuit  movem^ents  jerky,  spastic  and 
irregular.   Stereopsis,  depth  and  distance 
discriminations  very  low  and  weak,   Read- 
ing excessively  slow  and  labored,   Tachis- 
toscopic  thresholds  for  digits,  shapes, 
words,  phrases  very  high  (ieOe  weak  and 
inefficient).,   Yet  in  face  of  a'i  1  thT-s, 
this  intelligent  girl  by  industry  and 
effort  made  a  fine  scho'j  asti--,  record    She 
came  to  us  because  she  discovered  her  pro- 
blem and  wanted  to  do  something  about  it 
before  going  on   to  college  next  autumno 

Suppose  we  set  about  to  do  what  we  can 
for  her»   What  shall  we  do?   V/e  miay  decide 
to  pursue  the  philosophy  that  the  v\fay  to 
force  her  to  recreate  her  visual  space  . 
world  is  to  control  it  by  altering  the 
relations,  sizes,  etc,  of  the  stimili 
"out  there,"   This  is  about  what  the  man 
did  for  her  who  placed  between  her  and 
her  external  world  an  increasing  series 
of  biconcave  lenses.   Her  problem  was  not 
only  not  solved,  it  was  made  progressively 
worse  for  her. 

Suppose  now  we  start  upon  another  track. 
Let  us  set  it  down  as  axiomatic  that  we 
must  work  with  materials,  process  '''in  here" 
and  not  with  the  h;^rpothetical  stimili  "out 
there."   This  is  not  a  mere  phrase.   It  is 
a  desposition.   w'e  commit  ourselves  to 
work  in  a  realm  of  great  complexity,   We 
must  work  as  the  photographer  with  fast 
panchromatic  emulsions  by  feel,  time  and 
temperature,  thut  is  we  may  only  observe 
the  effects  of  the  alterations  of  functions 
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we  induce  by  training,  we  cannot  V'/atch  or 
measure  them  directly  and  immediately.   So 
we  begin  the  often  slow  and  laborious 
process  of  replacing  mechanisms  that  are 
weak  and  inefficient  by  others  strong  and 
smooth.   Do  we  do  this  by  merely  encourag- 
ing this  girl  to  go  back  home  and  work 
harder,  do  more  of  what  she  has  already 
been  doing  with,  poor  results  (mechanically 
at  least)  for  the  past  eleven  years? 
Never o   A  golf  swing  which  is  basically^ 
mechanically  wrong  can  never  be  cured  by 
the  tinkering^  hunch  method.   The  right 
way  is  to  start  all  over  to  build  the 
perfect  swings   This  can  never  be  done  by 
retaining  the  old  wasteful  habit o   We  must 
first  get  rid  of  it^   This  is  often 
effectively  done  by  direct  and  immediate 
replacement o   Do  the  positive  thing  as  it 
is  to  be  performed  ultimately  and  do  it 
now  and  never  permit  an  exception  or  re- 
turn to  the  old  habit.   Last  week  I  saw  a 
m.an  hit  a  golf  ball  as  he  had  never  felt 
one  in  20  years  after  a  single  hour  of 
instruction  by  an  expert-  -  a  mar  vvho  is 
both  a  fine  golfer  and  a  fine  teacher.   It 
can  be  done ^      But,  to  fixate  this  good 
movement  he  must  work  it  and  practice  it 
until  it  'does  itself'  un^der  any  and  every 
circumstance s   Visual  skills  operate  the 
same  way.   We  must  realize  that  if  our 
teeth  need  attention  twice  a  year?  our 
vision  should  certainlj/-  be  checked  annually, 

I  wish  there  were  some  way  at  my  command 
to  emphasize  sufficiently  this  axion-   we 
work  with  processes,  functions  =>  that  portion 
of  the  VNforld  which  is  of  our  own  active 
fabrication  ~  -  the  paf"t  we  do  something 
about.   That  something  may  not  be  rights 
It  may  need  to  be  changed  in  one  way  or 
another.   It  is  the  business  of  psychologi- 
ca]  optics,,  the  science,,  to  find  ou"*"  how  and 
v\fhat;,  it  is  the  business  of  orthoptics  to 
bring  this  proper  professional  care  to 
those  who  need  it.   ^-md  how  many  do. 

At  this  point  the  skeptic  rises  to  a  point 
of  order.   He  has  read  the  previous  papers 
quite  carefully.   He  "rises  to  remark;" 
"all  right  ~  -  all  you  are  saying  is  that 
our  job  is  to  build  or  rebuild  what  you  have 
called  -frames  of  reference'  ~  -  doesn't 
your  argum.ent  merely  reduce  to  that?" 

No  t,   It  emphatically  does  not.   Let  us  see 
why  not.   Important  as  are  these  temporally 
early  parts  of  the  total  perceptual  act  are, 
(we  label  them  frames  of  reference,  traces. 


sets,  predispositions,  sentiments,  attitudes, 
beliefs,  etc.).   They  are  not  enough  by 
themselves.   There  must  be  something  more. 
That  something  more  is  the  actives  vec- 
torial unification  of  the  then  and  the  now 
phases  of  the  total  process.  Me   must  have 
the  residual  after-effects  of  training  and 
experience,,   Vfe  must  also  be  skilled  and 
adept  in  the  active  structuring  of  the 
perceptual  field  of  which  these  portions 
serve  largely  as  the  ground  from  which  some 
figure  is  conatively  fabricated.   This 
constitutes  the  act  of  perceiving,  and  at  ■ 
the  same  momen"*"'  serves  as  an  instructive 
set,  in  the  pattern  of  the  delayed  res- 
ponse, to  alter  the  subsequent  course  of 
similar  experiences «   Perceiving  is  thus 
an  active  structuring  or  shaping  of  a 
total  field  which  is  in  large  measure 
already  formed  before  the  stimulus  reaches 
the  sense  organs „ 

Our  17  year  old  -takes*  our  training 
better  if  vve  arrange  to   have  her  do 
something  about  it, '   Her  acuity  will  im- 
prove if  we  instruct  her  to  adjust  the 
viewing  tubes ^  grasp  the  headrest  as  if 
she  is  steering  an  airplane,  press  her 
silent  key  to  signal  the  moment  of  the 
minimum  separable  points  etCr   It  is  her 
performance^   She  battles  her  ovm  par' 
from  day  to  da.y-   She  learns  how  with  the 
help  and  guidance  of  the  professional  man 
or  woman  who  has  done  this  same  thing  with 
many  others  and  vyho  .knows  wher  to  stop  hen, 
when  to  increase  the  discrimination-diff i- 
culty,  and  so  on,  .  .   ■ 

We  soon  reach  a  place  when  we  can  bring  to 
our  aid  anothe-r  -t-pnl  or  weapon.   We  can 
begin  the  rational  attacks   We  want  to- 
build  stereopsis.:   We  expiam  many  things 
abou-l"  the  multi-space  world  of  the  skin; 
the  space-world  of  the  blind;  the  simul- 
taneous touch  -  sight  impression:  chiero- 
scopic  drawing  and  projection.   She  works 
with  knowledge.   She  does,  now,  much  better. 
Only  later  on  do  we  take  this  approach. 
Too  early  it  may  produce  negative  results. 

Now,  one  more  point  is  deserving  of  some 
clarification  and  of  some  emphasis.   I 
want  to  present  a  brief  in  behalf  of  a 
doctrine  which  has  come  to  be  held  in  low 
esteem  by  many  learned  people.   Some  of  us 
think  this  attitude  is  wrong  and  unjusti- 
fied, and  that  even  the  devil  deserves  his 
due.   I  refer  to  the  doctrine  of  Fomal - 
Discipline  -  -  or,  explicitly,  to  the  pro- 
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blem  of  the  general  effects  of  specific 
practiceo 

I'lathematicS;,  languages,  science,  were 
taught  because  they  were  presumed  to 
furnish,  in  addition  to  a  fund  of  contex- 
tual knowledge  and  of  surrogate  skills, 
a  certain  kind  of  learning  how  to  learn. 
In  reaching  a  level  of  achievement  some- 
where beyond  the  novice  stage  there 
would  emerge  relations  which  are  never 
learned  directly.   The  plan  of  the  strat- 
egy which  won  a  famous  battle  and  a  war 
was  said  to  have  been  made  many  years 
before  on  the  football  field  at  Rugby. 

Much  of  the  condemnation  of  the  doctrine 
of  Fomal  Discipline  arose  because  the 
defense  was  assertion:    exercise  of  hy- 
pothetical mental  faculties  was  good  for 
them  regardless  of  the  kind  or  form  and 
the  more  the  better c   Certainly  I  do  not 
wish  to  argue  for  such  a  position.   But, 
let  us  re-examine  the  doctrine  after 
translating  it  into  the  terms  of  modern 
molar  conceptions  of  behavior. 

If  we  train  a  person  tachistoscopically 
to  or  beyond  the  shoulder  of  his  curve 
of  improvement,  using  digits  and  a  few 
ilnglish  words  as  materials  and  if  we  do 
this  by  using  both  a  far-point  and  a 
near-point  method,,  we  find  that  in 
addition  to  certain  very  specific  skills 
he  has  also  unconsciously  acquired 
certain  other  ski  lis o   His  formal  skill 
we  loiow  comes  later  than  his  ability  to 
perceive  and  reproduce  content.   He  will 
tend  to  see  the  number  of  digits  for 
which  he  is  set  by  instruction  to  see, 
self-imposed  or  otherwise „   His  digit 
training  v^ill  show  low  correlation  with 
the  same  processes  now  en.eaged  in  re- 
producing  lists  of  consonants  but  high 
correlation  with  the  structured  arrange- 
ments of  the  same  letters  as  they  spell 
iJnglish  words.   His  resolution  at  far 
point  will  be  increased^   His  reading 


rate  will  be  grealy  exp&Jided  v/ith  no 
loss  of  comprehension.   His  general  vis- 
ual perceptual  grasp  v;ill  be  surer  and 
quicker, 

I  have  no  hesitancy  in  stating  that  the 
formal  skill  acquired  thus  indirectly 
or  incidentally  is  as  basically  impor- 
tant, or  even  more  important,  than  the 
out  and  out  memorial  increase  from  the 
training.   Without  the  former  there  is 
no  evidence  that  achievement  can  exceed 
the  level  of  mediocrity  in  the  latter. 
Such  V'/as  the  case  in  our  17  year  old 
girl  mentioned  above.   Her  reading  was 
piecemeal,  fragmentary,  discontinuous. 
She  always  had  to  give  it  an  aural 
second  going-over  to  let  her  fine  intell- 
igence span  the  handicap  imposed  by  the 
visual  blocks-   Small  wonder  that  after 
a  month  of  training  she  felt  an  intell- 
ectual rebirth.   She  felt  the  sense  of 
visual  mastery,  certainty,  unity  -  -  for 
the  first  time.   She  will  now  go  far. 
She  will  m.aster  her  problem. 

The  limits  of  these  papers  will  not 
permit  the  citation  of  all  the  evidence 
in  support  of  the  principle  that  the 
general  effects  of  specific  practice  are 
of  primary  importance ^   We  have  seen  it 
repeatedly  in  language  learning  (Multiple 
Codes) c   I  demonstrated  it  in  the  case  of 
a  manual  skill  (pursuitmeter"^  and  in 
tachistoscopic  research  in  the  past  12 
years n   I  have  seen  it  again  and  again 
more  strongly  emphasized-   The  one  regret 
is  that  its  precise  qualitative  and 
quantitative  description  is  a  task  for 
future  research.   The  ice,  however,  has 
been  broken.   When  the  bad  speller  first 
gains  the  feeling  of  confidence  and 
mastery  from  simple  smooth  and  certain 
performance  he  has  gone  a  long,  long  way 
to  remove  an  enveloping  block  which  can 
and  does  hamper  many  other  functions. 
The  conception  of  unity  in  molar  behavior 
demands  just  that  -  -  and  that  it  is. 
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When  vie   train  a  person  to   perceive  visual 
forms  J  we  have  pointed  out  in  previous 
papers  that  one  highly  important  aspect  of 
this  procedure  is  a  restructuring  of  the 
fields   This  process  is  much  more  complex 
than  first  impression  gives  and  therefore 
calls  for  greater  exposition. 

For  m.any  years,  the  problem  of  perceiving 
v;as  hampered  and  held  back  by  the  damaging 
influence  of  atomistic  and  elementaristic 
theory.   It  was  held,  for  example,  that 
the  sumraation  of  part  processes  produced 
the  unitary  wholes  which  are  the  prim.ary 
data  of  perception.   It  is  significant 
that  from  1917  on,  v^hen  attempts  v^^ere  made 
•to  demonstrate  such  principles  experim.ent- 
ally,  they  m.et  almost  universally  with 
failure.   The  prim.ary  question  v-;hich  was 
certainly  not  clarified  by  neurological 
and  physiological  studies  was  this:   how 
can  the  molecular  changes  v.'ithin  the  cen-  " 
tral  nervous  system  which  are  mere  poten- 
tial gradients  form  the  basis  for  the  many 
different  qualitative  and  quantitative  vis- 
ual patterns  seen  in  ordinary  experience? 
If  we  can  m.easure  and  describe  the  proper- 
ties of  such  patterns  in  the  brain,  can  we 
predict  properties  of  the  external  stim.uli 
which  instigate  them?   Jiileven  years  ago, 
Bart ley  published  a  monograph  in  which  he 
shov^fed  that  in  the  absence  of  external 
stimulation,  conduction  patterns  were  de- 
tected with  his  instriuTients  of  precision 
which  differed  only  in  am.plitude  from  those 
foirad  during  the  period  of  active  stimu- 
lation.  The  question  naturally  arose,  why 
do  not  these  processes  of  lower  amplitude 
jdeld  continuous  weak  perceptual  exper- 
ience ? 

One  of  the  key  contributions  to  our  better 
understanding  of  these  problems  v>;as  pro- 
posed by  the  late  Max  w'ertheimer  who  pro- 
posed the  theory  of  i£cm<^il2il:\£-^ *   This 
theory  was  simple  and  direct,,   IJertheimer 
said,  ''Let  us  think  of  the  physiological 
process  not  as  m.olecular  but  as  miolar 


phenomena. "  He  argued  that  if  brain  pro- 
cesses are  molar,  then  their  m.olar  pro- 
perties VNiill  be  the  same  as  those  of  the 
perceptual  processes  which  they  are  sup- 
posed to  underlie^ 

Vlhat  is  the  distinction  between  the  two 
points  of  view  designated  on  the  one  hand 
molecular  as  distinguished  from  the  molar? 
a  simple  illustration  should  serve  to 
make  this  clear.   Out  of  m.y  office  window 
stands  a  huge  tree »   The  graceful  sweep  of 
its  branches  gives  a  number  of  interesting 
shapes o   The  all-over  picture  of  the  tree 
as  a  tree  includes  the  realization  that 
if  it  were  suddenly  rem.oved  from  the  land- 
scape, subjects  beyond  it  now  hidden  from 
view  because  of  it  would  immediately  take 
their  places  in  my  field  of  vision.   Its 
apparent  size,  color,  shape ^  etc„,g  depend 
not  alone  upon  itself  but  to  a  surprising 
degree  upon  other  items  which  com.bine  to 
constitute  what  v;e  call  the  landscape,,. 
When  vje  describe  the  tree  as  we  see  it  in 
ordinary  experience,  the  terms  of  our  des- 
cription are  essentially  molars   They  deal 
vs'ith.  masses  c   They  arouse  thoughts  of 
Hach's  statement  that  in  nature  the  only 
constancy  is  the  constancy  of  relation o  , 

Into  the  office  now  comes  two  of  my 
colleagues  whose  life  work  lies  in  two  dif- 
ferent fields  of  science s   The  first  asks 
me,  "VJhat  are  you  staring  at  our  of  the 
window?" 

I  point  to  the  tree  and  his  answer  is, 
"Oh,  yes,  a  lusty  specimen  of  the  pin  oak 
fainily.   The  leaf  of  this  tree  has  an 
amazing  absorption  spectrum,  and  under  high 
magnification,  the  mechanism  of  the  opening 
and  closing  of  the  pores  in  the  top  8.nd 
bottom  leaf  surfaces  is  one  of  the  W'onders 
of  nature »   As  I  look  at  the  tree,  I  vis- 
ualize it  as  a  chemical  factory  of  t  .nost 
unbelievable  com.plicationp   I  see  within  ' 
its  microscopic  and  sub-Biicroscopic  struc- 
tures miracles  goinr.;  on  which  \^u,  a  poor 
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misguided  psychologist,  know  little  or  no- 
thing about o" 

Apologizing  for  my  ignorance,  I  timidly 
suggest  to  him  that  somewhere  in  the  course 
of  his  interesting  and  learned  description 
he  has  completely  lost  the  tree„   Vlhen  he 
talks  about  the  cells  com.prising  the 
parenchyma  and  the  hydraulics  of  sap  trans- 
fer in  the  system  of  the  plant,  these  pro- 
ducts of  his  analysis  have  moved  him  over 
into  the  realm  of  molecular  description. 
His  ov\fn  sense  organs  at  some  time  or  other 
had  to  extended  by  sue'-  instruments  as  the 
microscope,  the  spectroscope,  and  similar 
devices  to  give  him  the  properties, 
attributes,  and  relations  V'/hich  comprise 
the  bulk  of  molecular  description. 

It  must  be  clear  that  the  molar  perceiver 
and  the  molecular  perceiver  are  both  talking 
about  the  same  things  only  in  a  relative 
sense.   It  would  be  quite  v^rong  for  either 
to  insist,  for  example,  that  his  view  is 
the  basic  or  fundam.ental  one.   Both  are 
two  aspects  of  the  same  reality,   jj'ach  in 
its  own  way  contribute  things  of  high 
importance  a 

Our  second  guest,  silent  up  to  this  time, 
is  interested  in  entomology^   To  him,  the 
tree  is  a  teeming  city  oJ  bugs,  insects, 
flies,  and  birds;  and  he  delivers  for  the 
both  of  us  a  most  interesting  half  hour 
on  the  changes  in  the  resident  population 
around  the  clock  of  a  typical  suirnner's 
day.   He  points  out  thr  ::  the  elm  next 
door  to  our  pin  oak  is  slowly  d^.dng  from 
a  virus  infec+'on,  the  chemistry  of  which 
no  one  understands.   Our  biologist  friend 
sees  the  tree  and  the  landscape  from  a 
descriptive  point  of  view  which  lies  some- 
v;here  between  the  two  positions  previous- 
ly described,, 

For  all  those  engaged  in  perceptual  train- 
ing, it  is  of  high  importance  to  keep  con- 
stantly in  mind  that  the  patterning  or 
structuring  of  the  perceptual  field  is  a 
complex  process  in  which  part  of  the  organ- 
iz8.tion  is  dependent  upon  external  and  part 
on  internal  factors. 

For  example,  suppose  you  m.ove  into  a  new 
house o   The  moving  van  places  all  your 
living  room  furniture  in  the  center  of  the 
roomo      The  furniture  is  new^   The  ultim.ate 
positions  and  relations  of  the  pieces  will 
give  to  the  room  structure  and  form,  un.ii:y 


or  disunity.   The  same  rugs,  chairs,  table Sj 
and  pictures,  by  mere  rearrangement,  can 
make  the  room,  appear  larger  or  smaller, 
beautiful  or  ugly,  restful  or  stimulating 
depending  upon  the  cleverness  and  sld.ll  of 
the  person  who  does  the  arranging.   It  was 
a  great  contribution  to  the  field  of  per- 
ception of  V/ertheirier  when  he  pointed  out 
that  the  individual  parts  are  not  the  pri- 
mary things.   They  are  not  pieces  to  be 
combined  into  an  additive  v;hole,  but  in- 
trinsically from  the  very  first  these  so- 
called  parts  are  parts  of  wholes,,   In 
another  place,  Viertheim.er  wrote  that  "sim- 
plicity does  not  refer  to  the  properties 
of  individual  parts;  simplicity  is  a  pro- 
perty of  wholes,"   It  cannot  be  too  strong- 
ly emphasized  that  wholes  or  unities  are 
the  primary  bases  of  orgemization  in  per- 
ception.  We  move  in  the  process  of  per- 
ceiving from  v-ihole   properties  doi'vnward 
towards  sub-wholes  and  sub-parts « 

It  is  a  question  whether  wholes  or  ujiities 
are  ever  perfectly  attained  except  in  the 
ultimate  case  of  the  highly  trained  per- 
ceiver,  Certainly^  the  achiovem.ent  of 
maximial  organization  within  the  perceptual 
field  is  a  skill  which  only  long  periods 
of  training  can  bring  to  a  state  of  near 
perfection.   Kost  of  us  in  adulthood  have 
developed  the  bad  habits  of  disjunction 
in  which  the  process  of  aggregation  is 
frequentlj/-  replaced  by  the  tendency  to 
segregate  the  whole  into  salient  figural 
parts o   Fortunately,  these  processes  have 
been  subiected  to  considerable  experimen- 
tal  and  theoretical  studys,   VJithin  the 
brief  limits  of  this  paper,  we  m.ay  mention 
only  a  lel^f  of  the  laws  of  lield  organiza- 
tion in  perception  which  have  been  derived 
from  these  studies  „   --gain  it  should  be 
mentioned  that  the  serious  student  of 
tachistoscopic  perceptual  training  may 
observe  the  operation  of  these  principles 
almost  daily  in  his  work  with  digits, 
English  words  and  sentences,  geom.etric 
shapes,  and  the  like.   If  the  seriou-^  stu- 
dent desires  to  read  further  on  the  pioneer 
experimental  the  theoretical  work  in  this 
field,  I  suggest  the  study  of  three  books: 
Koffka,  Principles  of  Gestalt  Psychology, 
Fll.is,  A  Source  j-bok  of  Gestalt  Psychol  o;:y, 
Koh  1  o r  ;;  Dynamics  in  Psvchol  op'v. 

One  of  the  simplest  principles  of  field 
organization  is  the  principle  of  proximity. 
If  we  listen  to  a  series  of  clicks  of 
uniform  intensity  and  ruality,  equally 
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separated  in  time,  ;ve  hear  these  clicks 
in  patterns  of  tvjo '  s ,  three's,  or  v-jliat- 
not.   The  mere  fact  of  togetherness  in 
time  or  space  is  sufficient  to  enforce  a 
kind  of  grouping  which  is  a  consequence 
of  the  limitation  that  our  sense  organs 
and  motor  apparatus  are  only  periodically 
disposable  for  perception.   The  row  of 
uniform  dots  m.ay  be  guided  the  same  way 
into  sub-groups  because  of  the  operation 
of  this  principle.   In  such  a  row  of  dots, 
if  every  third  one  is  gray  v^rhile  all  the 
rest  are  black,  then  the  factor  of  simi- 
larity m.anifests  to  force  a  t:\'pe  of  organ- 
ization which  is  a  consequence  of  this 
factor.   In  a  similar  fashion,  the  prin- 
ciples which  V-Iertheim_er  has  described  as 
uniform  density,  subjective  set,  direction, 
and  closure  may  operate  separately  or 
collectively  to  give  structure  and  form 
to  the  pattern  of  impression  which  reach- 
es the  sense  organ.   Obviously  it  is  im- 
portant to  sharply  separate  the  external 
and  internal  factors  of  field  organization. 
But  if  v;e  laiow  and  understand  these  prin- 
ciples, v;e  reach  a  point  VM-here  we  are 
better  able  to  control  the  course  of  the 
process  of  perceivings   If  we  wish  a 
figure  to  stand  out  more  sharply  etched 
against  its  ground^  we  do  better  hy   re- 
cognizing and  utilizing  these  principles « 


Impression  patterns  may  shov;  a  type  of 
reorganization  which  resembles  the  action 
of  internal  forces,   l/hen  only  a  part  is 
seen  -  -  the  upper  part  of  a  face  looking 
over  a  fence  -  -  we  see  it  often  as  com- 
plete, filling  in  the  remainder.   Details 
may  be  omitted  or  changed  to  fit  a  plot, 
plan,  or  scheme  characteristic  of  the  dom- 
inant or  salient  feature  of  the  vjhole  im- 
pression. 

The  antagonism  of  brightness  and  color  in 
contrs-st,  and  of  color  and  form  illustrate 
the  warfare  of  resolution  v\rhich  goes  to 
shape  every  impression  we  receive  visually. 

Much  v\fork  remains  to  be  done  in  this 
province.   Particularly  is  this  true  for 
the  realm  of  visual  training.   The  recon- 
struction of  a  patient's  fundamental  visual 
habits,  therefore;,  must  be  regarded  as  con- 
tingent upon  a  proper  assay  of  where  he 
starts  from,  what  he  brings  to  you  when  he 
seeks  :your  professional  help^, 

Training  is  thus  something  more  than  build- 
ing separate  "skills^"   In  the  future, 
orthoptics  work  will  demand  an  even  great- 
er knowledge  of  these  m.echanisms  and  their 
control  than  vie   possibly  conceptualize  at 
present.. 
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Ue  come  now  to  the  end  of  another  series 
of  "Lv/elve  papers.   lie  have  tried  to  sketch 
an  introduction  to  the  fundamental  problem 
of  hov'f  V'/e  perceive  our  vvorlds  of  things 
and  processes.   The  end  of  thj  series  of 
papers  is  by  no  means  the  end  of  the  pro- 
blem.  Logically,  we  should  continue  with 
a  whole  series  dealing  with  the  problems 
of  visual  space  and  its  relations  to  all 
other  phenomenal  spaces;  time  and  its  ex- 
tension, and  motion.   Some  time  ago,  we 
briefly  touched  upon  the  fact  that  the 
skin,  the  most  primitive  and  extensive  of 
our  sense  organs,  furnishes  for  us  the  key 
to  our  better  understanding  of  v>;hy  it  is 
that  psychologically  there  are  many  spaces 
and  that  visual  space  particularly  is 
intimately  bound  up  with  those  genetically 

earlier. 

'  ■  ■  ■  \ 

Recently,  I  had  occasion  to  read  some  things 
relative  to  certain  procedures  for  the 
training  of  persons  with  anomalous  space 
perception.   Here  the  emphasis  was  wholly 
and  solely  upon  corresponding  retinal 
points »   A  disparity  of  but  a  few  seconds, 
we  are  told,  is  sufficient  to  preclude  the 
possibility  if  clear,  simple,  and  direct 
discriminations  of  distances   The  picture 
dravra.  by  the  writer  was  one  of  rigid 
physical  geom.etric  specif icity»   I  have 
found  it  difficult  to  reconcile  the  obser- 
vations made  in  the  laboratory  ...  jich  run 
coujiter  to  such  tj'pe  of  construction^   I 
have  found  it  even  more  difficult  to 
justify  the  serious  consideration  of  so 
narrov;  a  view  of  so  manifold  a  problem  as 
that  of  the  visual  third  dimension^ 

In  these  papers,  we  have  tried  to  indicate 
the  growing  weight  of  evidence  in  support 
of  the  motor  theory.   We  have  tried  to 
show  that  the  comolex  pattern  of  impression 
v.'hich  reaches  the  sense  organ  is  the  start- 
ing point  of  an  elaborate  system  of  trans- 
fonTiations,  enhancements,  and  suppressions 
'which  t  ke  us  to  the  point  of  identification 
and  classification  of  the  seen  thing.   tpt'ohi 
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this  point  on  in  retention,  v/e  know  like- 
vjise  that  the  after  effects  of  the  im- 
pression are  never  static.   They  pass 
through  a  series  of  progressive  changes, 
usually  toviard  sir'iplif Ication,  loss  of 
detail,  a  return,  in  a  word,  to  the  simple 
primary  state  of  masses,  totalities,  and 
consonant  and  conformable  unities  -  - 
consonant  and  conformable  to  the  lattices 
or  fram.es  of  reference  which  are  constituted 
of  our  immediate  and  long  section  interests. 
The  heart  and  the  essence  of  this  whole 
process  is  movement.   Ho  phase  of  it  can  be 
regarded  as  stationaryo   This  contrast  may 
be  simply  and  clearly  brought  out  by  the 
relative  appearances  of  a  strange  city 
which  you  have  1'  joriously  explored,  first 
on  foot  on  a  very  warm  day  and  after 
several  hours  of  weary,  slow  excursLjn.^. 
You  then  fly  in  an  airplane  over  the  same 
locus,   Hov;  different  in  the  second  case 
are  the  size  and  distance  relations,,   How 
different  even  is  the  sense  of  personel 
relation  to  the  scene o 

The  stages  in  the  process  of  perceiving 
have  been  worked  out  many  times  in  a  num- 
ber of  careful  experiments,   'we  have  tried 
to  re-emphasize  the  importance  of  the  fact 
that  the  im.pression  itself  is  alwaj-s  set 
in  a  matrix  of  memorial,  attitudinal,  and 
similar  sets  which  decisively  determine 
its  course  e   From  the  mom.ent  of  im.pression 
and  even  well  in  tidvance  of  it  the  stage 
is  set  ^' jr  the  search  for  m.eaning. 

But  meaning  is  a  t\^e  of  adjustm.ent,  a 
type  of  m.anipulation  or  handlings   It  is 
always  coiiched  in  terms  of  what  is  good  for 
us  to  do  or  v/hat  the  thing  will  do  to  us, 
Ue  name  or  classify  objects,  first,  in 
termis  of  the  usages  characteristic  of  them, 
and  fromithis  simple  beginninr;  we  may  pass 

J-  O  O  v'    J- 

through  several  sta  es  of  elaboration  or 
si;-iplif ication  until  we  achieve  some 
satisfactory  stopping  point  which  m.ay  be, 
and  often  times  is,  far  from  the  terminus 
of  the  process.   Vie  train  ourselves  as 
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scholars  to  avoid  the  pitfall  of  being  sat- 
isfied too  early.   We  try  to  keep  our  rn.inds 
open  and  our  eyes  looking  forward  to  the 
ultimate  extensions  which  these  processes 
may  bring  to  us.   lieaning  can  only  exist  in 
relation  to  a  certain  species  of  total  ad- 
justment to  a  disturbed  equilibrium  state. 
Life  which  is  sessile  and  perfectly  compla- 
cent would  ultimately  end  in  a  gradual  and 
progressive  restriction  of  those  processes 
which  give  us  our  proper  orientation  in  the 
world.   It  must  be  clear  to  every  thinking 
person  that  Bishop  Berkeley  was  right  as 
rain  when  he  asserted  as  early  s.s  1709  that 
vision  alone  is  of  itself  incapable  of 
furnishing  us  the  me  tins  for  our  fundamental 
discriminations  of  size,  space^  position, 
movement  ~  -  in  a  VN/ord,  of  the  very  founda- 
tion of  thos3  things  which  comprise  the 
realities  of  our  visual  v\rorlds.   It  is  the 
clear  recognition  of  this  fact  that  led 
Von  Hornbostel  to  emphasize  so  strongly 
the  fact  which  biological  considerations 
fit  so  perfectly;   namely,  the  principle 
of  the  unity  of  the  senses. 

I  feel  that  this  line  of  thinking  should  be 
continually  emphasized  because  of  its  sig- 
nificant bearing  on  the  problems  and  methods 
of  visual  trainings   The  reorganization  of 
the  perceptual  habits  of  an  individual 
should  alwaj^s  be  done  with  the  doctor  hold- 
ing clearly  in  mind  what  it  is  he  is  seek- 
ing to  accomplish.   Often  he  must  proceed 
as  if  he  were  synthesizing  the  whole  by  a 
combination  of  subparts  r-   If  we  vjatch  a 
squad  of  carpenters,  masons,  plumbers,  etc. 
begin  to  build  a  house,  the  unorganized 
piles  of  timbers,  bricks,  and  mortar  seem 
to  be  the  essential  units  of  construction. 
But  if  we  watch  even  a  short  while  we 
notice  that  the  boss  man  unrolls  a  sheath 
of  blueprints  and  that  every  stick  of  wood 
and  every  cement  block  takes  its  place 
according  to  the  master  plan^,   I  know  of 
no  one  courageous  enough  to  start  the  con- 
struction of  a  dwelling  with  nothing  to 
guide  him  but  the  forlorn  hope  that  if  he 
merely  starts  nailing  things  together  he 
will  come  out  right  in  the  end. 

The  difference  between  the  kind  of  concep- 
tion of  the  process  of  perceiving,  learn- 
ing, and  remembering  we  have  attempted  to 
show  in  these  papers  and  the  view  widely 
held  which  derives  from  such  notions  as  we 
referred  to  above  relating  to  visual  space 
is  a  difference  of  basic  importance.   This 


can  be  seen  if  we  consider  another  phase 
of  the  problem  of  perceiving  as  j'et  un- 
touched in  our  description.   Here  I  refer 
to  the  problems  of  impjrception.   It  is 
customary  to  call  these  things  illusions. 
Host  of  us  are  familiar  with  scores  of  types 
of  conventional  visual  illusions.   How  can 
we  account  for  the  apparent  convergence  to 
a  point  of  the  steel  rails  stretching  away 
from  us  into  the  distance?   How  shall  we 
account  for  the  apparent  difference  in  the 
size  of  two  identical  circles  surrounded 
by  larger  and  smaller  circles?   The  conven- 
tional sense  has  usually  been  that  such 
false  interpretations  arise  from  the  decep- 
tion of  the  sense  organs  themselves  and 
that  this  is  effected  by  an  induced  change 
of  posture  or  an  apparent  bending  of  the 
lines  or  masses  to  produce  the  anomalous 
appearance.   No  less  than  two  dozen  alleged 
explanations  have  been  offered,  for  exam- 
ple, to  account  for  the  apparent  differences 
in  length  of  the  Muller-Lyer  figure  -  -  two 
parallel  lines,  the  ends  of  which  are  bound- 
ed by  V  angles  pointing  in  opposite  direct- 
ions,,  Implied  within  every  conventional 
notion  of  the  nature  of  an  illusion  was  the 
conflict  between  "reality"  of  objects  and 
the  appearance  of  thes^  same  objects.   In 
jvery  consideration  of  the  problem  of 
illusions  v\fith  which  I  am  familiar  there 
was  implied  the  fact  that  the  illusory 
object  is  to  be  regarded  as  if  it  existed 
entirely  independent  of  any  supporting 
framework  in  perception.   Suppose  we  look 
at  any  simple  illusory  experience  from  the 
point  of  vie'w  outlined  previously  in  these 
papers.   Suppose  we  postulate  that  by  the 
very  nature  of  the  mechanism  it  is  utterly 
impossible  for  the  steel  rails  beyond  a 
certain  point  to  do  anArthing  other  than  to 
converge,  that  is,  to  approximate  positions 
which  are  below  the  threshold  of  resolution. 
Suppose  further  we  assume  that  I  m.ay  have 
a  focal  or  central  figural  process  for  set 
in  a  ground  which  is  not  coordinate  with 
the  schemata  build  up  by  previous  training 
to  specific  signification  the  resulting 
interpretations  v^fill  be  at  variance  with 
the  normal  expectations  and  hence  will  be 
classed  as  erroneous.   But  this  error 
classification  is  the  act  of  a  neutral 
observer.   Actually  the  visual  convergence 
of  the  rails  is  the  perceptual  reality. 
The  fact  that  is  exists  at  variance  with 
the  physical  reality  is  simply  a  limitation 
forced  upon  us  by  the  fact  that  no  organism 
has  as  yet  evolved  sets  of  eyes,  brains. 
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and  effectors  capable  of  operating  in  strict 
conformity  between  the  phenomenal  and  phy- 
sical worlds  of  reality^   iuiy  pattern  of 
figure  ground  structuring  is  capable  only 
of  producing  that  significance  which  the 
perceiver's  present  organization  will  per- 
mit.  In  this  sense  no  illusion  ever  exists. 
Further,  if  v;e  assume  the  existence  of  the 
traditional  concept  of  the  illusion,  and 
push  it  far  enough,  we  arrive  at  a  nihilis- 
tic position  which  forces  us  to  assert  that 
every  instance  of  perception  is  illusory,. 
The  antidote  for  processes  classed  as  illus- 
ion, hallucination,  obsession,  and  the  like, 
is  the  fi^rther  rational  extension  of  the 
process  so  that  a  proper  aporaisal  of  all 
the  determinants  of  the  perceptual  act  may 
be  considered;,   This  becomes  one  of  the 
salient  arguments  in  support  of  the  pro- 
posal t.iat  the  classification  of  human  ex- 
periences into  such  catagories  as  percep- 
tion, learning,  and  memory  rests  upon  a 
very  insecure  foundation.   They  all  run  a 
course  in  time.   Any  imjnediate  or  cross 
section  description  or  analysis  is,  there- 
fore, bound  to  be  partial  and  fragmentary 
and  open  to  the  deficiencies  incident  to 
such  partial  treatment.   It  v.'as  the  clear 
recognition  of  facts  of  this  sort  which 
must  have  lead  psychologists  like  Theodore 
Ptibot  and  Alfred  Binet  to  the  realization 
that  perceiving  is  the  first  term  in  the 
beginning  of  reasoning-   When  v/e  clearly 
become  aware  of  what  any  problem  in  which 
confronts  us  or,  in  other  words,  -when  we 
clearly  perceive  all  the  relations  of  the 
problematic  situation,  the  most  expedient 
solution  emerges  as  the  next  and  often  the 
only  succeeding  step.   Thought  and  reason- 
ing are  thus  only  long  section  elaborations 
of  the  simiple  beginnings  found  in  the  act 
of  perceiving.   This  is  why,  for  example^, 
in  tachistoscopic  training,  the  process  of 
the  perceptual  manipulation  of  subgroups  to 
aggregrate  them,  into  larger  or  wider  unities 
pulls  in  its  train  such  things  as  an 
i:mmediate  and  forceful  expansion  of  read- 


ing skill, 

VJe  should  give  more  attention  to  the 
field  organization  of  a  percept.   The  non- 
seen  portions  of  the  visual  field,  i,e, 
the  grounds  -  -  fore,  mid,  and  back,  vdth- 
in  which  figure  is  seen  to  em.erge  can  and 
do  strongly  influence  the  strength  and 
coherence  of  the  figural  unityo   V/hat  dam- 
age is  done  VN/hen  we  -weaken  the  supporting 
frameworks  which  assist  in  our  achievement 
of  stable  shapes?  Movement  or  change  or 
instability  of  position  is  one  t.iingo 
This  is  manifested  in  the  well-knovm  phe- 
nomenon of  autokinetic  streaming,   ii  sin- 
gle point  source  floats  about  in  space 
and  takes,  for  each  observer,  a  character- 
istic direction  and  course,   A  student 
in  our  laboratory,  lir,  'W,  B,  Lemmon,  train- 
ed in  relaxation,  found  that  vdien  he  ob- 
served a  point  source  prone  on  his  back  as 
he  becam.e  well  relaxed  the  point  became 
stationary  and  he  perceived  himself  to 
float  about  in  space  slowly  with  respect 
to  the  point  source.   The  change  in  pos- 
ture m.ust  have  yielded  a  radical  altera- 
tion of  the  ground  and  hence  a  consequent 
radical  chancre  in  the  character  and  locus 

O 

of  the  figure  experience ,   If  this  is  true, 
then  it  is  small  wonder  that  postural 
changes  can  and  do  change  the  findings  of 
refractive  measurements,  as  our  three 
groups  of  optometrists  working  in  the 
laboratory  tiiis  summer  have  been  able  to 
demonstrate. 

The  control  and  reorganization  of  field 
structuring  in  perception  i_s_  an  important 
matter.   The  future  will,  I  predict,  see 
it  as  a  field  of  increased  study  and  re- 
searchc 

Later  it  is  hoped  vve  may  return  to  a  de- 
tailed examination  of  the  visual  perception 
of  space,  time,  a-nd  motion^   Heanwhile  a 
series  of  papers  on  another  closely  related 
province  will  begin  next  months 
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The  beginning  of  this  fifth  series  of  pa- 
pers should  be  prefaced  by  an  overall  look 
at  those  which  have  gone  before.   At  the 
very  beginnings  an  attempt  was  made  to 
show  that  psychological  optics  has  a  dis- 
tinctive role  to  play  in  any  and  every  type 
of  professional  eye  care.   The  first  four 
volumes  in  this  series  have  attempted  to 
show  that  the  functions  of  seeing  are  not 
rigid  and  fixed  alone  by  physical  and 
chemical  determinants  but  that  functional 
operations  themselves  are  capable  of  in- 
stituting developmental  changes  which  tend 
toward  stablization  and  subsequent  trans- 
formation of  the  functions  in  later  opera- 
tion.   .  ■ 

The  problem  of  the  relations  of  function 
"and  structure  has  been  a  center  of  much  de- 
bate and  controversy.   This  has  arisen 
largely  because  of  an  inadequate  and  in- 
complete understanding  of  the  precise  na- 
ture of  the  problem  and  from  the  laxities 
of  language.   In  all  scientific  work  it  is 
of  the  utmost  importance  to  realize  clear- 
ly and  to  define  the  nature,  limits ^  and 
setting  of  the  problem  and  to  use  descrip- 
tive terminology  free  from  the  ambiguities 
which  prevent  people  from  speaking  the  same 
language  when  they  discuss  such  problems. 
Paul  Weiss  has  recently  said,  ''Ill-defined, 
vaguely  defined,  or  undefined  terms  are  a 
scientific  curse;  they  make  scientific 
language  oracular  instead  of  unequivocal, 
hazy  instead  of  clear,  and  degrade  all 
scientific  work  described  in  such  language," 

As  a  simple  example,  a  paragraph  or  two  ear- 
ler  we  used  the  term  development.   What  is 
the  precise  meaning  of  the  term  development? 
How  does  it  differ  from  growth?   how  is  it 
related  to  the  tj.^e  of  changes  in  living 
organisms  subsumed  under  such  terms  as 
training,  learning,  and  memory?   Take  your 
notebook  and  on  a  separate  page  write  the 
most  complete  and  comprehensive  definition 
of  development  as  a  scientific  term  you 
can,  without  consulting  other  sources.   Now 
lay  this  aside  and  consult  the  most  recent 
edition  of  the  best  dictionary  of  the 
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English  language  at  your  disposal.   Write 
this  definition  beneath  your  own  and  wait 
a  few  months  until  the  first  half  dozen  of 
these  papers  have  laid  down  a  proper  founda- 
tion for  the  understanding  of  the  meaning 
of  development  as  a  scientific  term,  and 
you  will  have  an  unforgettable  experience 
of  the  truth  of  our  previous  assertion  and 
that  of  Professor  Weiss:  in  science,  the 
Snglish  language  is  an  instrument  of  pre- 
cision.  We  must  learn  to  use  it  as  suche 

Our .objective  in  this  series  of  papers  will 
be  to  go  back  to  the  very  beginning  and  do 
now  what  we  should  have  done  then;  namely, 
lay  down  a  stable  foundation  for  the  con- 
cepts and  procedures  now  followed  in  prac- 
tice and  in  the  course  of  development,   A 
few  moments  ago  we  used  the  words  science 
and  scientific,   U'hat  do  they  mean?   Of 
course,  everyone  knows  what  science  is. 
Science  has  been  defined  as  what  the  scien- 
tist works  at.   But  such, a  definition 
merely  defines  by  restating  the  problem. 
In  order  to  find  out  vihat  the  scientist  ' 
works  at,  we  must  first  find  the  scientist. 
Where  shall  we  go?   What  do  they  look  like? 
How  do  they  differ  from  ordinary  men?   Are 
they  like  a  cartoonist's  concept  -  -  a  man 
with  a  pointed  black  beard  --prince-nez  on 
a  shoe  string  -  -  a  man  persistently  absent 
minded  and  outside  of  his  laboratory 
essentially  a  moron  in  all  practical  matters 
of  life?   Obviously  this  is  stuff  and  non= 
sens5.   There  is  only  one  science  and  it  is 
definable  only  in  terms  of  a  particular 
group  of  operational  methods  and  principles 
by  means  of  which  we  may  describe  the  things 
and  processes  which  occur  in  nature,   -any- 
one becomes  a  scientist  merely  by  setting 
up  an  appropriate  set  of  postulates,  sub- 
scribing whole  heartedly  to  this  set  of 
principles,  and  consistently  and  persistent- 
ly adhering  rigorously  to  them,   -^"vigorous 
adherence  to  the  set  of  postulates  deter- 
mines both  the  kinds  of  problems  one  shall 
attack  and  the  manner  and  means  of  one's 
attentpt  to  resolve  them. 

Because  of  our  hiunan  limitations  of  tim.e. 
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interests,,  and  other  practical  considera- 
tions, vsfe  introduce  artificial  divisions  of 
labor  and  pluralize  science  because  of 
academic  or  industrial  convenience  or  neces- 
sityi  but  there  is  no  real  foundation  for 
such  a  procedure.   One  division  of  science 
differs  from  another  simply  in  the  fact 
that  while  all  divisions  start  from  a  com- 
mon set  of  postulates,  our  specialized 
interest  soon  forces  us  to  set  up  addition- 
al working  principles  which  do  not  belong 
to  other  fields «   The  only  way,  for  exam- 
ple ;,  we  can  distinguish  the  subject  matter 
problems  and  methods  of  physiology  from 
those  of  psychology  is  by  this  means. 

All  sciences  begin,  for  example^  with  the 
fundamental  postulate  that  the  "real" 
world  of  objects  and  events  exists ^   This 
means  immediately  that  if  we  accept  this 
postulate,  we  lay  the  ghost  once  and  for 
all  of  controversy  and  argument  over  the 
idealistic  question  as  to  whether  the 
fountain  pen  writing  these  words  only 
exists  as  idea  if  the  plastic  and  metal 
materials  which  comprise  it  are  swirling 
masses  of  atoms  and  if  I  know  its  existence 
only  mediately  through  my  tactual  and 
kinesthetic  sense  organs.   Then  it  is  in- 
evitable that  we  always  grapple  with  the 
problem  of  how  human  beings  can  know  any- 
thing and  the  most  perplexing  problem  of 
the  nature  of  knowledge  itself,   Immanuel 
Kant;,  in  his  critique  of  pure  reason,  dis- 
cussed this  question  at  great  length  and 
with  great  astuteness.   Most  weli  trained 
scientists  will  readilly  grant  that  the  con- 
sideration of  such  problems  by  the  philoso-- 
pher  and  the  metaphysician  is  highly  neces- 
sary and  v\forth  while  in  any  system  of  cul- 
ture.  But  the  scientist  also  insists  that 
this  problem  be  left  to  the  specialist 
within  whose  province  it  rightfully  faJ]s„ 
There  is  no  law  which  forbids  the  scientist 
from  an  occasional  sortie  into  this  domain. 
The  clearer  he  realizes  what  he  is  about^, 
the  more  he  saves  himse]f  from  the  inevit- 
able grief  which  always  follows  as  a  conse- 
quent of  loose  thinking.   In  theory,  at 
least,  if  we  were  all  infinitely  competent, 
we  could  solve  all  our  problems  by  the 
method  which  the  philosopher  calls  reflec- 
tion.  This  is  a  species  of  talking  to  our- 
selves.  It  is  a  linguistic  and  rational 
method  done  in  the  arm  chair.   But  the 
scientist  argues  that  he  must  take  the 
position  thi.t  because  of  our  limitations, 
we  must  go  a  step  farther  than  this.   We 
must  contrive  other  superior  means  for  the 


solution  of  our  problems. 

We  reach  a  point  where  it  is  no  longer 
possible  safely  to  set  up  a  series  of  axioms 
and  deduce  rationally  from  those  the  manner 
in  which  things  operate  in  nature.   We  must 
set  up  the  inductive  experiment  and  the 
differentiating  experiment  by  means  of  which 
we  may  avoid  the  pitfalls  of  logic.   We 
learn  very  early  in  the  laboratory  that  the 
beautifully  simple  relation  which  seems  to 
carry  the  answer  to  a  perplexing  problem  is 
deceptive  in  the  extreme  and  not  to  be  trust- 
ed, 

A  consequence  of  the  foregoing  is  that  we 
must  postulate  that  the  material  world  of 
objects  and  events  exists  to  some  amount 
or  to  some  degree  and  is  therefore  suscep- 
tible to  quantitative  measurement  and  de- 
scription,  AS  soon  as  we  begin  to  measure 
and  to  describe  in  the  precise  universal 
language  of  mathematics,  vje  begin  to  dis- 
cover those  essential  relations  which  are 
the  heart  of  our  science,  because  it  is 
doubtful  if  science  can  do  m.ore  than  merely 
say  that  when  this  happens,  that  v\fill  happen* 

Things  would  be  simple  and  easy  for  us  if 
the  quantitative  description  we  always  ren- 
der  vvfere  as  smooth  and  easy  as  the  above 
paragraph  might  seem  to  indicate.   But  such 
is  not  the  case.   Let  us  think  of  a  single 
simple  instance.   Let  us  take,  for  example;, 
the  problem  of  visual  contrast.   Everyone 
knows  what  contrast  effects  are.   If  I 
place  a  small  square  of  gray  paper  in  the 
center  of  a  larger  square  of  black  paper 
and  in  the  identical  small  square  of  gray 
in  the  center  of  a  larger  square  of  white 
and  cover  them  with  a  piece  of  tissue  paper 
and  describe  the  appearance  of  the  two 
identical  small  squares,  one  appears  very 


dark:  the  other,  very  light, 


We  measure 


the  brightness  of  the  figures  and  their 
surrounds  and  express  these  as  a  simple 
mathematical  ratio  and  we  assert  complacent- 
ly that  we  have  measured  the  contrast 
effect.   The  whole  process  seems  precise, 
secure,  scientific.   If  we  stop  right  here 
at  this  first  elementary  stage,  there  are 
no  questions  to  trouble  us  and  we  may  feel 
somewhat  smug  and  complacent  in  our  great 
knowledge  gained  by  experiment.   But  suppose 
we  decide  not  to  stop.   We  go  on,  varying 
the  conditions.   We  change  the  sizes, 
shapes,  wave  length  compositions  of  the 
light,  boundaries,  viewing  distances,  stage 
of  adaptation  of  the  eye,  degree  of  train- 
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ing  of ' the  observer,  etc,,  and  now  what 
happens?   From  the  simple  equation  set  up 
in  the  course  of^  our  first  observations, 
we  must  now  write  a  series  of  equations 
of  great  complexity.   Because,  for  example, 
we  soon  discover  we  always  add  another 
dimension,  time,  to  our  descriptive 
accounts.   And  when  we  do  this,  v^e   must 
describe  the  so-called  contrast  effect  as 
it  runs  its  longitudinal  course  in  time. 
Also,  as  facts  multiply  and  as  under- 
standing deepens,  we  find  that  the  simple 
word  contrast,  which  e verybody  understands 
perfectly  has  reaches  which  extend  far 
beyond  the  limits  of  our  present  knowledge. 
VJhere  it  ends  or  where  the  final  law  can 
be  written  lies,  certainly,  in  the  field 
of  the  unknown.   The  problem  of  contrast 
is  a  research  one.   The  definition  of  the 
V'ford  must  be  expanded  and  qualified.   The 
original  simplicity  was  a  falso  simplicity. 
Only  the  little  men  remain  content  with 
the  first  simple  statement  and  answer  to 
the  problemo  '  , 

Psychological  Optics  differs  radically  from 
physiological  optics  in  one  aspect  of  the 
I  process  of  observing.   When  we  write  our 
postulates  in  this  province,  we  must  set  it 
down  as  one  of  our  axioms  that  in  the  realm 
of  visual  experience,  we  must  grant  and 
I  recognize  the  principle  of  emergents.   In 
I  the  so-called  physical  sciences  the  addition 
'  of  two  positive  numbers  always  produces 
another  positive  number  greater  than  either 
of  the  additive  components o   But  in  psy- 
chology we  must  add  that  this  is  but  a 
single  case.   Now  and  then  we  meet  instances 
in  which  the  addition  of  two  positives  may 
produce  a  null  state.   The  net  effect  of 
addition  may  be  a  qualitative  or  quantita- 
"    tive  reduction  in  the  final  outcome.   The 
■I  mixture  of  two  lights  may  produce  an  effect 
^  brighter  than  the  sum  of  the  two  physical 

intensities.   The  mixture  of  two  colors 
'  may  produce  an  achromatic  color  devoid  of 
hue.   Many  such  illustrations  could  be 
citedn   These  things  mean  essentially  that 
we  must  recognize  and  take  stock  of  the 
fact  that  in  experience,  the  contribution 
of  the  perceiver  is  an  important  term  in 
whatever  descriptive  equation  we  may  seek 
to  write , 

In  the  last  few  years,  I,  as  an  outsider, 
have  watched  the  development  of  the  prac- 
tices of  certain  optometrists  change  quite 
radically.   I  have  seen  the  basic  concepts 
of  seeing  expand  and  take  on  new  forms  and 


practices.   I  have  seen  new  instruments  and 
new  procedures  introduced  into  the  offices 
and  clinics  for  the  reconstruction  of  the 
visual  world  of  experience  brought  in  by  the 
patient,   I  am  now  seeing  every  month  new 
developments  in  progress  along  these  lines. 
Some  of  them  will  be  permanent.   As  time 
passes,  they  will  remain  and  become  written 
into  standard  visual  diagnostic  and  train- 
ing procedures.   Others  will  be  found  want- 
ing and  will  be  abandoned  because  this  is 
the  way  of  scientific  development.   Of  one 
thing  I  am  sure;  that  in  the  minds  of  a 
large  number  of  men  and  women,  this  concept 
which  is  basic  and  fundamental  in  psycho- 
logical optics  will  play  and  is  playing  an 
important  role  -  -  more  important  than  ever 
before  in  the  history  of  the  scientific 
attack  upon  the  problems  of  vision.   It 
shall  be  one  of  the  objectives  of  this 
series  of  papers  to  show  clearly  and  unam- 
biguously why  it  is  impossible  to-  measure 
and  describe  visual  processes  in  isolation, 
'We  shall  try  to  lay  down  a  foundation  in 
your  thinking  which  will  permit  us  to  see 
the  exact  position  occupied  by  the  acts  of 
photoreception  in  the  daily  stream  of  molar 
experiences  of  the  ordinary  individual. 

There  is  no  question  that  the  growth  and 
development  of  visual  training  procedures 
gives  rise  to  a  certain  amount  of  contro- 
versy and  misunderstanding.   Books  like 
Mr.  Huxley's  Art  of  Seeing,  the  Bates  method, 
and  the  dozen  odd  cults  whose  slogah-_is 
"Throw  your  glasses  away"  represent  an  ex- 
treme position  which  always  finds  adherents 
who  hope  for  the  best  but  who  frequently 
find  that  the  actual  achievement  falls  far 
short  of  such  an  ideal  as  is  set  forth  for 
them,   A  recent  full-page  advertisement  in 
a  national  weekly  magazine  points  out  con- 
versely that  glasses  alone  can  never  correct 
a  visual  problem.   Yet,  there  are  many  who 
subscribe  to  the  glasses  alone  doctrine, 
ii  third  group  maintains  that  glasses  and 
training  together  constitute  the  professional 
tools  by  means  of  which  the  skillful,  well- 
trained,  and  understanding  professional  man 
can  bring  to  bear  on  a  visual  problem  the 
most  potent  weapons  which  science  has 
developed  in  the  modern  day  for  the  attain- 
ment  of  the  objective  of  giving  to  the 
individual  clear,  comfortable,  and  effective 
single  vision  at  near  and  at  far.   It  is  no 
doubt  true  that  here  again  we  are  confront- 
ed by  a  further  misunderstanding  similar 
to  the  one  pointed  out  earlier  in  this  pa- 
per; namely,  that  the  dual  division  into 


Page  jf4.    -   Psychological  Optics  -  Vol.5   Wo.l 


two  things,  namely,  glasses  versus  train- 
ing, should  be  abandoned  and  will  be  aban- 
doned as  soon  as  a  more  perfect  understand- 
ing of  the  functional  relations  of  these 
tools  is  clearly  appreciated. 

Training  is  a  protean  term.   It  is  a  genera- 
lization which  covers  a  multitude  of  speci- 
fic things.   It  shall  be  one  of  the  primary 
objectives  of  this  series  of  papers  to  set 
forth  those  basic  and  fundamental  principles 
which  must  serve  as  the  foundation  ground 
work  upon  which  all  principles  and  practices 
must  be  based. 

Vie  shall  begin  in  our  next  paper  with  an 


inquiry  into  the  properties  and  attributes 
of  the  simplest  protoplasmic  structures 
found  in  living  cells,   Vj'e  shall  attempt  to 
trace  the  manner  by  which  individualization 
in  organisms  is  achieved.   Vie  shall  try  to 
give  meaning  to  such  terms  as  individual- 
ities in  organisms,  gradients,  axial 
patterns,  dominance  and  isolation,  and  the 
development  and  differentiation  of  the  pri- 
mary mechanisms.   In  this  work  we  shall 
draw  upon  the  contributions  of  a  dozen  or 
more  scholars  who,  in  the  last  quarter  cen- 
tury have  done  more  to  give  us  a  solid 
foundation  for  theory  and  practice  than 
perhaps  is  to  be  found  in  the  entire  pre- 
vious history. 


PUfcUolcufdcxii  Optioi 


—BY- 
SAMUEL  RENSHAW,   Ph.  D. 
Ohio  Slata  Univani^ 


Copyright    I9it4 


Duncan,    OUa. 


OPTOMETRIC  EXTENSION  PROGRAM 


November   -    1944 


Vol.5   No. 2 


In  the  history  of  biology  the  problem  of 
the  relations  of  nature  and  nurture  is  a 
very  old  one «   How  much  of  the  compliment 
of  acts  which  constitute  the  behavior  of  a 
living  organism  can  be  attributed  to  in- 
herited structure  and  how  much  to  the  in- 
fluence of  use  or  training  has  been  the 
object  of  much  controversy  since  the  ear- 
liest times.   Actually  the  problem  can  be 
stated  quite  simply:   What  is  the  relation 
between  form  and  function? 

Form  or  structure  is  a  term  used  to  char- 
acterize the  shapes,  sizes  and  geog'raphical 
distribution  of  constituent  parts  or  organ- 
isms which  comprise  the  body  of  the  indi- 
vidual.  Looked  at  from  the  standpoint  of 
■morphology  the  form  or  structure  of  an 
organism  is  regarded  as  more  or  less  static 
or  fixed.   This  apparent  stability  carries 
on  throughout  the  life  span  of  the  individ- 
ual organism  and  maintains  its  identity  in 
the  mass  although  less  observable  structural 
changes  are  in  process  all  the  time. 

From  the  standpoint  of  taxonomy  and  ecology^ 
structure  has  to  be  regarded  from  a  some- 
what different  point  of  view.   We  must  re- 
gard it  as  a  more  fluid,  flexible  and  dy- 
namic concept.   Structure  itself  is  inter- 
woven  with  function  because  it  soon  becomes 
impossible  to  retain  the  strict  morphologi- 
cal classification.   The  work  of  a  single 
organ  or  tissue  and  even  its  size  and  re- 
lation to  other  organs  and  tissues  becomes 
recognized  as  something  other  than  an  in- 
dependent lonit  which  is  self-contained  and 
more  or  less  self-maintained.   Individu- 
ality in  an  organism  enforces  organic  unity 
and  continuity  which  demands  the  harmonious 
cooperation  of  a  wide  array  of  parts,  all 
devoted  to  the  business  of  furthering  the 
successful  adjustment  of  the  organism  to  the 
demands  of  its  surroundings.   This  is  the 
idea  which  Cannon  has  called  homeostasis .. 

Function  must  be  broadly  conceived  as  the 
basic  set  of  forms  which  energy  takes  in 
the  never  ending  process  of  its  collection, 
storage,  dissipation  and  reconversion  which 


comprise  the  electrochemical  basis  from 
iwhich  life  itself  originates.   If  vje  look 
closely  and  critically  at  the  two  concepts 
of  structure  and  function,  we  arrive  at  a 
position  which  inclines  to  view  them  as 
two  aspects  of  a  single  reality.   Let  us 
loDk  briefly  in  the  history  of  the  doc- 
trines which  have  been  developed  from  the 
studies  of  this  probL  em^   Until  the  ten 
year  period  between  1830  and  1840,  it  had 
been  observed  that  in  certain  plants  there 
was,  a  mechanism  for  the  rotation  of  sap  and 
before  1830  the  cell  meant  nothing  more 
than  a  wall  surrounding  a  cavity,   Schleiden 
and  Schwann  in  1838  observed  the  cell  con- 
tents but  regarded  this  as  of  relatively 
slight  importance. 


In  1846,  Von  Mohl  noted  a  siirdlar  substance 
in  plant  cells  and  called  it  schleim  or 
protoplasma,  the  latter  term  having  been 
used  shortly  before  by  Purkinje  in  a  some- 
what different  sense.   In  this  same  year 
Nageli  and  Payen  recognized  the  importance 
of  protoplasm  as  the  vehicle  of  the  vital 
activity  of  the  cell,  and  Braun  in  1850 
pointed  out  that  swarm  spores,  which  are 
cells,  consist  of  naked  protoplasm^   In 
1850,  Payen  and  Cohn  concluded  that  the 
sarcode  of  animal  and  the  protoplasma  of 
plant  tissues  are  essentially  similar  sub- 
stances.  The  work  of  Schultze  in  186.1  is 
especially  important  in  that  it  firml^r  es- 
tablished the  protoplasm  doctrine,  namely, 
that  the  units  of  organization  are  masses 
of  protoplasm  and  that  this  substance  is 
in  general  similar  in  all  living  organisms, 
both  plants  and  animals. 

During  the  next  thirty  years  there  was  an 
intensive  and  extensive  development  of  this 
truth.   Of  particular  interest  was  the 
theory  of  Butschli  which  he  advanced  in  189  2, 
This  was  the  alveolar  or  emulsion  theory. 
Protoplasmic  structure  according  to  him  was 
an  extremely  fine  emulsion  of  minute  drop=> 
lets  not  greater  than  one  micron  in  diameter. 
He  supported  his  theory  bj--  making  artificial 
emulsions  with  soaps  and  oils  which  showed 
am-oeboid  movement  and  other  striking  resem= 
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blances  to  living  protoplasm.   One  able 
biological  historian  asserted  "it  would  be 
difficult  to  over  estimate  the  value  both 
practical  and  theoretical  of  the  protoplasm 
doctrine  for  its  establishment  has  not  only 
led  to  knowledge  by  which  the  conditions  of 
life  have  been  materially  improved,  but  has 
also  been  an  important  factor  in  assisting 
man  to  a  modern,  rational  outlook  on  organic 
nature  in  which  he  has.  learned  to  include 
himself o   It  is  not  too  much  to  say  that 
the  identification  of  protoplasm  as  the 
material  substratum  of  life  processes  was 
one  of  the  most  significant  events  of  the 
19th  century," 

The  discovery  of  the  cell  and  the  formula- 
tion of  the  protoplasm  doctrine  naturally 
led  to  the  concept  that  the  cell  should 
be  regarded  as  the  ultimate  unit  of  struc- 
ture and  also  of  function  in  living  organ- 
isms.  In  the  cell,  it  was  claimed;,  resided 
the  cause  of  nutrition  and  growth.   It  is 
interesting  to  note  that  even  at  this  time 
there  v-iere    as  many  scientists  to  be  found 
on  the  other  side  of  the  fence o   These  men 
he]d  to  a  theory  which  was  the  exact  oppo- 
site of  the  eel]  theory.   This  was  called 
the  organismal  theoryo   They  held  that  the 
organism  as  a  whole  was  the  primary  agent 
of  organization,.   Their  view  was  quite 
clearly  expressed  by  the  botanist^  de  Eary, 
who  said,  "plants  build  cells,  not  cells 
plants , " 

Today  we  are  hardly  more  than  a  half  cen- 
tury from  these  two  radically  different 
points  of  view.   The  controversy  is  still 
acute   over  many  phases  of  the  problem.   In 
genetics,  for  example,  the  major  trend  of 
thinking  is  to  localize  within  specific 
minute  structures  the  chemical  agents  which 
carry  the  developmental  predetermination 
of  physical  characteristics,  proneness  to 
certain  diseases,  length  of  life  span, 
color  bl". ndness,  and  I  know  one  eminent 
biologist  who  told  me  a  few  years  ago  that 
he  was  convinced  that  the  vicious  habit  of 
nail-biting  was  a  hereditary  unit  charac- 
teristic^ 

Opposed  to  this  view  we  may  quote  other 
eminent  scientists.   Let  us  quote  from 
Verlaine  and  from  Holt;   "No  'potential' 
characteristic  ever  is  'already  contained' 
in  anything;  and  the  notion  of  potentiality 
wherever  used  is  a  mark  of  finalistic 
thinkmgo   The  contents  of  the  germ  cell 
are  not  potential  characteristics  (traits 


or  talents)  at  all,  v;hether  bodily  or  men- 
tal^  they  are  actually  proteins  and  other 
substances,  and  to  call  these  substances 
potential  this  or  that  is  to  flout  the 
truth.   They  are  no  innate  characteristics," 

"Those  persons  who  imagine  that  they  are 
dealing  with  potential  albinism  cyclopea 
or  lethal  factors  or  with  a  phobia  or  with 
instinct  or  mathematical  endowment  or 
ability  will  in  the  end  have  to  give  place 
to  more  observant  investigators  who  can 
recognise  a  carbohydrate  or  an  amino  acid  • 
when  they  see  one," 

In  the  fertilized  egg  growth  is  not  a  mere 
process  of  unfolding  from  within.   The  egg 
does  not  grow  or  even  continue  to  live  un- 
less it  is  steadily  assisted  by  proper  con- 
ditions of  external  warmth,  moisture  and  the 
presence  of  important  nutritive  substances. 
The  exchange  of  these  substances  between 
the  growing  cell  or  aggregate  of  cells  and 
its  environment  as  well  as  its  stimulation, 
irritability  and  reactance  are  matters  of 
the  selective  permeability  of  its  membrane; 
of  the  destruction  and  restoration  of 
equilibrium  between  the  cell  and  its  con- 
stant and  correct  surroundings.   Its  entire 
career  depends  as  much  upon  where  it  lives, 
what  cells  are  its  neighbors  even  as  upon 
its  own  internal  chemical  organization. 
It  is  a  striking  fact  that  up  to  a  certain 
Ipvel  of  growth  and  division  a  cell  can 
take  on  an  entirely  new  set  of  properties 
such  as  shape,  function  or  rate  of  meta- 
bolism as  it  lives  in  the  range  of  in- 
fluence of  powerful  chemical  agents  pro- 
duced and  disseminated  in  gradients  from 
other  cell  So   It  is  from  the  brilliant 
researches  in  the  field  of  experimental  em- 
bryology in  particular  in  recent  years  that 
we  have  been  forced  to  revise  our  thinking 
about  the  concept  of  individuality  in 
organisms „ 

Protoplasm  is  made  up  of  proteins,  fats, 
salts,  water,  carbohydrates  and  other  com^ 
pounds  but  is  not  merely  a  mixture  of 
theseo   It  is  an  intricately  organized 
system  and  only  by  virtue  of  this  fact 
does  it  serve  as  the  material  substratum 
for  those  peculiarly  orderly  activities 
characterizing  the  organism.   That  is 
synthetic  metabolism,  irritability,  re- 
productive and  adaptive  response.   Proto- 
plasm must  always  be  thought  of  as  a 
system  in  dynamic  equilibrium*   That  is,  it 
continually  maintains  itself  through  a 
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balance  of  constructive  and  destructive  pro- 
cesses.  From  the  chemical  point  of  view, 
protoplasm  is  regarded  as  a  colloidal  emul- 
sion,  A  colloid  is  a  substance  in  a  suffi- 
ciently divided  or  dispersed  state.   Colloi- 
dal particles  are  particles  in  which  at 
least  one  dimension  is  a  minimum  usually  of 
the  order  of  about  one  micron.   Bubbles, 
drops,  and  films  are  colloidal  structures 
so  regarded  because  in  each  of  these  at 
least  one  dimension  is  small.   The  dispersed 
substance  in  some  other  material  is  known 
as  the  internal  phase;  the  enveloping  medium 
is  called  the  external  phase  or  medium  of 
dispersion.   Liquids,  solids,  and  gases  may 
form  emulsion  in  any  set  of  relations,   That 
is,  we  may  have  a  liquid  in  a  liquid,  a  gas 
in  a  liquid,  a  gas  in  a  gas,  a  solid  in  a 
liquid  or  any  other  combination  of  these 
states.   When  the  cook  makes  mayonnaise 
dressing,  she  mixes  oil  and  vinegar.   The 
oil  and  vinegar  will  not  mix  except  in  the 
presence  of  an  emulsifying  agent,  in  this 
case,  egg.   The  egg  beaten  with  the  oil  and 
vinegar  forms  an  interfacial  film  and  this 
is  the  third  phase  of  the  emulsion  system. 
Upon  this  depends  largely  the  character  of 
the  emulsionc.   For  example,  if,  sodium  or 
potassium  oleate  is  used  in  an  oil  water 
system  the  result,  is  an  emulsion  of  oil  in 
watery  whereas,  if  calcium  or  magnesium 
oleate  is  used  it  brings  about  an  emulsion 
of  water  in  oilo   The  oil-water  and  the 
water-oil  emulsions  may  have  radically 
different  properties  3   By  using  both  sodium 
and  calcium  salts  and  varying  their  ratio 
the  important  change  known  as  phase  re- 
versal may  be  secured  at  will  in  either  di- 
rection,.  At  a  certain  critical  ratio  there 
is  a  very  delicate  balance  between  the  two 
conditions , 

In  a  system  in  highly  unstable  equilibrium 
such  as  that  found  in  the  retinal  cones  the 
phenomenon  of  phase  reversal  which  may  be 


induced  by  chemical,  electrical,  or  therraal 
means  provides  us  with  a  mechanism  for  the 
understanding  of  how  important  changes  in 
the  functional  properties  of  such  a  system 
can  take  place  almost  instantaneously. 

There  is  one  other  important  property  of 
colloids  which  needs  to  be  kept  in  mind. 
The  colloidal  structure  of  protoplasm  re- 
quires high  surface  area  so  that  the  highly 
mobile  parts  of  the  system  can  bear  great 
electrical  charges  and  can  provide  the 
basic  means  of  providing  viscosity,  surface 
tension,  high  electrical  resistance  as  well 
as  to  regulate  the  rate  of  adsorption^ 
semi-permeability  or  selective  permeability 
in  the  environs  of  the  cell.   Colloidal 
systems  with  separate  mobile  particles  are 
called  sols  and  those  of  semi-solid  con- 
sistency are  called  gels ,   These  terms  are 
not  sharply  defined  and  all  possible  in- 
termediate conditions  exist,   Whenever  a 
change  from  the  gel  to  sol  state  is  in- 
duced, this  is  called  peptization.   When- 
ever the  reverse  change  from  the  sol  to 
gel  is  induced,  this  is  called  pectization. 
In  a  number  of  cases  these  processes  are 
reversible  -  -  in  others  not.   For  example, 
when  egg  albumin  is  coaguldted  by  heat,  it 
is  impossible  to  return  the  gel  to  a  sol 
by  any  known  means o 

A  living  cell  is  thus  an  intricate  system  in 
a  constant  state  of  disruption  and  reorgan- 
ization, yet  finely  balanced  to  provide  for 
its  unitary  response  m  adapting  to  the  de- 
mands of  its  environs o   When  a  stimulus, 
that  is  an  aggregate  of  energy,  impinges  on 
it  at  some  point  it  immediately  sets  up  a 
local  region  of  high  activity  at  this  point 
in  contrast  to  the  low  regions  of  activity 
at  the  opposite  extreme  of  the  cell.   Thus 
the  first  beginnings  of  a  gradient  of  re- 
actance are  established  and  the  active  end 
of  the  cell  begins  to  dominate  the  pattern. 
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A  living  cell,  such  as  amoeba  proteus,  is 
an  intricate  chemical  system.   The  colloidal 
emulsions  which  constitute  its  protoplasm 
are  so  organized  and  balanced  that  changes 
in  the  physical  surrounds  are  accompanied 
or  followed  by  changes  within  the  cell.  The 
mutual  interaction  of  cell  and  surrounds 
constitutes  behavior.   Behavior^  in  the 
strict  sense,  goes  on  all  the  time.   Even 
the  resting  state  is  merely  a  lowered  state 
of  activity.   And  response  to  stimulation 
is  a  return  to,  or  a  restoration  of,  an 
equilibrium  state  which  has  been  disrupted 
by  the  energy  impact  called  the  stimulus. 
From  this  point  of  view  a  living  organism 
responds  with,  and  never  to,  a  stimulus. 

The  word  stimulus  is  difficult  to  define 
precisely.   One  reason  for  this  is  that  the 
reacting  organism  itself  is  always  a  prom- 
inent and  important  factor  in  the  end  re- 
action.  Let  us  look  at  this  process  a  bit 
further. 

At  any  instant  a  cell<,  such  as  amoeba  pro- 
teus, is  observed  in  an  aqueous  medium. 
The  surface  of  the  cell,  the  plasma  mem- 
brane, is  a  compact  and  orderly  arrange- 
ment of  molecules  which  forms  the  surface 
of  separation  between  the  organism  and  its 
surrounds.   When  ionized  particles  collect 
or  aggregate  at  one  limited  region  of  the 
surface  this  is  called  adsorption^   When 
this  happens  there  is  an  immediate  local 
change  in  electrical  polarization  in  the 
adsorption  area,  differentiating  it  from 
adjacent  areas  in  a  potential  gradient. 

Accompanying  the  local  electrical  change  at 
the  surface  is  a  change  in  viscosity,  and 
in  the  selective  or  semi-permeability  of 
the  plasma  membrane.   Some,  but  not  all  water 
soluble  materials  may  now  be  permitted  to 
pass  the  'membrane'  into  the  cell  where  they 
may  be  oxidized  or, form  new  compounds  or 
emulsions. 

Stimulation  of  the  surface  with  any  energy 
impact  has  other  important  mechanical  con- 
sequences.  An  exterior-interior  pressure 
gradient  is  set  up  and  usually  the  stimu- 
lated surface  bulges  or  pushes  forward  as  a 
pseudopod  in  the  direction  of  the  stimulate J^g, 
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region.   This  process  is  one  of  the  most  im- 
portant and  interesting  events  in  nature. 
It  is  practically  the  basis  of  life  itself. 

Note  that  in  the  single  celled  animal  the 
'skin'  or  surface  of  separation  performs 
all  the  useful  functions  of  sense  organs 
and  of  motor  organs.   One  cannot  make  the 
distinction  of  sensory  and  motor,  because 
at  this  stage  all  is  motor. 

Upon  stimulation  of  any  point  in  the  cell 
surface  this  region  becomes  highly  active  in 
proportion  to  adjacent  and  more  remote 
regions,   A  polar  gradient  is  being  formed, 
sloping  from  the  region  of  highest  activity 
to  the  lowest,   A  pattern  of  axial  symmetry 
is  formed.   The  high-activity  end  is  domi- 
nant and  the  whole  cell  becomes  organized 
through  activity  toward  the  cephalo-caudad 
( he ad -tail ) structure.   The  'head'  is  that 
region  or  locus  of  the  organism  which  sets 
the  pace  and  form  of  the  first  steps  lead- 
ing to  more  stable  organic  form. 

Suppose  that  conditions  are  not  as  simple 
as  those  outlined  above.   Suppose  that  sim- 
ultaneously with  the  above  events  gradients 
of  temperature,  pressure,  light,  etc.,  are 
brought  into  the  animal's  surrounds,  ■  We 
now  get  more  and  more  complex  patterns  of 
gradients  within  gradients.   As  these  be= 
come  differently  disposed  in  space  the 
organic  pattern  of  course  takes  what  shape 
it  can  as  a  resultant  of  the  summation  of 
these  forces.   The  movements,  form,  rate  of 
growth,  development  and  differentiation, 
reproduction  or  rejuvenation  thus  are  con- 
tingent upon  the  basic  and  fundamental  con- 
cept of  reactance  in  protoplasm.   It  is  for 
reasons  such  as  these  that  some  of  us  believe 
that  insufficient  emphasis  has  heretofore 
been  placed  upon  the  broad  concept  of  the 
primacy  of  movement  and  an  altogether  too 
great  stress  upon  the  "sensory," 

If  an  axiate  pattern  becomes  stable,  e.g., 
as  an  hysteresis  effect  in  protoplasm,  the 
whole  subsequent  behavior  and  form  of  the 
organism  will  be  altered  in  conformity, 
C,  i1.  Child,  for  example,  has  pointed  out 
that  the  nervous  system  develops  out  of  the 
.  "excitation-transmission  relation,  which  in 
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its  simplest  form  originates  from  non-specific 
differences  in  physiological  condition  at 
different  levels  of  a  physiological  gradient." 
And  that  the  "physiological  gradient  origi- 
nates as  a  protoplasmic  reaction  to  local 
or  differential  action  of  an  external  factor, 
thats  physiologically  speaking  the  nervous 
system  itself  originates  in  protoplasmic  be- 
havior,"  (Child,  Co  rl. , Physiol,  Foundations 
of  Behavior,  110-111.) 

There  are  abundant  evidences  of  the  role 
served  by  the  dominant  region  as  a  pace- 
setter.  That  is  the  dominant  region  controls 
or  determines  the  rate  of  activities  lying 
more  remote  in  the  metabolic  or  in  the  con- 
duction gradient.   In  the  heart  a  region  near 
the  sinus  end  of  the  organ  normally  controls 
the  beating  rate„   If  this  region  is  inhibi- 
ted by  anaesthesia  or  by  cold  or  if  it  is 
removed,  an  adjoining  region  takes  over  and 
if  this  in  turn  is  blocked,  the  functional 
control  may  be  moved  back  farther  and  far- 
ther toward  the  lower  end  of  the  gradients 

Similar  pacemakers  are  found  at  the  upper 
end  of  the  stomach,  small  intestine  and 
colon;  at  the  upper  end  of  the  ureter^   Sub- 
ordinate regions  can  take  on  the  pacesetting 
function^in  whole  or  in  part.  It  is  readily 
conceivable  therefore  that  simultaneous  and 
antagonistic  regions  of  dominance  may,  there- 
fore, diminish  or  decisively  interfere  with 
the  smooth  and  total  function  of  any  single 
organ  or  of  a  whole  anatomical  segmento   In 
vision  this  concept  is  of  great  importance^ 

If  an  environment  furnishes  a  sufficiently 
constant  control  of  orientation  of  the  axiate 
pattern,  say  within  an  electrostatic  field, 
so  that  a  polar  pattern  is  once  establishedj 
then  the  head  end  becomes  organically  set 
and  differentiation  as  to  size,  increased 
sensitivity  to  certain  classes  of  energy, 
structural  differences,  etc.,  begins.   Dom- 
inance is  thus  a  first  step  tov^-ards  the 
achievem.ent  of  or--anic  unity  and  continuity, 
iind  it  must  be  clear  that  the  question  of 
the  true  relations  of  form  and  function  are, 
thereby,  made  less  clear.   Form  seems  to  be- 
come m.ore  truly  an  episode  in  function  and 
not  a  predeterminer  of  function.   And  like- 
V'/ise  as  form  emerges  it  brings  in  its  wake 
an  enforced  reduction  of  and  specification 
of  function^   This  trend  may  be  seen  not 
only  in  the  process  of  individuation  in 
organisms  but  is  also  clearly  shown  in  the 
development  and  differentiation  of  behavior- 


al forms.   Mass  action,  described  for  exam- 
ple, by  Coghill  in  am.blystoma  and  by  Hin-    I 
kowski  in  the  human  foetus,  is  primary  and   I 
from  this  early  state  the  subsequent  spec-   j 
ific  habit  patterns  are  differentiated.   In  \ 
perception,  field  structuring  follows  a 
strikingly  similar  course.   The  primary  stat 
is  mass,  ground,  undif f erentiation  and 
greater  plasticity.   Figure  and  specific  for: 
is  a  later  and  subsequent  achievem.ent,  none- 
theless firmly  anchored  in  the  original  matr 

One  beautiful  thing  about  this  kind  of 
thinking  is  that  it  gives  us  a  more  or  less 
simple,  direct  and  understandable  mechanism 
of  organization  in  .organic  nature.   We  need 
seek  no  mystic  deus  ex  machina.   The  order-  ■ 
ing  factor  is  not  some  hypothetical  gene 
possessed  of  Alladin-like  powers  to  shape 
the  course  of  differentiation.   It  is  a 
demonstrable  and  to  a  rather  surprising 
degree  controllable  region  of  dominance, 
^ind  this  is  set  up,  not  by  some  capricious 
and  opportunistic  'unfolding  from  v\fithin' 
but  by  -the  active  interplay  of  forces  which 
aggregate  on  the  two  sides  of  the  plasma 
membrane „ 

Further  let  us  imagine  a  'hungry'  amoeba  in 
a  water  environments   Ke  is  equidistant 
at  the  apex  of  an  equilateral  triangle  from 
two  food  particles,  one  a  large  and  one  a 
small  one,   We  watch  him  through  a  low- 
pov^rer  microscope-   We  observe  many  pseudopo-' 
dia  extend  in  the  direction  of  the  smaller 
food  particle,  and  slow,  gradual  movement 
toward  it  until  it  is  surrounded  and  ' eaten. i 

There  are  two  ways  we  may  put  in  words  what  ■ 
we  have  seen  happen,   (l)  We  may  say  "The 
animal  chose  the  smaller  particle.   He  loves 

little  bits  more  than  big  bits, ."  We_ 

tell  the  story,   (2)  Or,  "Adsorption,  lower-- 
ing  the  surface  tension,  increased  internal 
pressure,  etc,,  establish  high  potential 
region  of  dominance  in  direction  of  smaller 
(to  usl)    particle,"   The  animal  tells  the 
story.   Since  v^e   do  not  loiow  the  conditions 
of  choice  (and  love  is  better  felt  than  de- 
fined) it  is  safer  and  more  in  accord  with 
sound  science  to  follow  the  second  of  these 
ways  o 

Finally  -  in  the  early  stages  of  organismic 
patterning  by  the  formation  of  regions  of 
dominance,  there  goes  hand  in  hand  with  this 
process  the  isolation  of  parts.   This  shall 
be  the  topic  for  our  January  discussion. 
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Last  month  we  looked,  too  briefly,  at  the 
concepts  of  mass  action,  ^f  axial  pattern, 
and  of  dominance  in  the  setting  up  of 
gradients  of  metabolism,  etc.,  as  the 
mechanism  for  the  building  of  organic  form. 
This  month  we  shall  consider  isolation  as 
a  similar  mechanism  of  formal  structuring, 
and  then  we  shall  pass  to  the  problems  of 
growth,  development,  differentiation  and 
de-differentiation.   These  are  fundamental 
concepts , 

Why  should  we  discuss  these  things  in  a 
series  of  short  papers  on  psychological 
optics?  Are  they  not  purely  biological 
problems? 

One  of  the  'reasons'  for  writing  this  series 
at  this  time  is:   to  present  a  basis  for  the 
understanding  of  perceiving,  learning, 
habit-forming,  remembering,  etc.;  to  show 
that  field  organization,  the  achievements 
of  visual  space,  visual  form,  size  and  dis- 
tance, etc.,  are  strikingly  similar  in- 
stances to  the  developmental  processes 
which  are  always  active  in  living  proto- 
plasmic structures.   Since  training  is  the 
means  whereby  we  can  reform  and  restructure 
the  perceptual  process  of  seeing,  the  better 
we  understand  its  mechanism  and  its  phases, 
the  more  satisfactory  will  be  the  controls 
we  may  devise  and  use.   It  is  postulational 
to  say  that  any  training  procedure  must  con- 
form to  the  patterning  of  active,  dynamic, 
structure-function  relations  in  living 
organisms. 

Let  us  not  be  deceived,  either,  in  assuming 
that  the  bearing  of  the  brilliant  researches 
in  cytology  and  embryology  are  widely  accept- 
ed as  a  basis  for  learning  and  training  or 
even  the  belief  that  training  is  a  province 
worthy  of  the  effort.   A  senior  about  to 
graduate  as  an  optometrist  and  a  practicing 
ophthalmologist  both  within  the  same  recent 
week  in  answer  to  my  questions  both  replied 
that  a  phoria  is  a  fixed  entity  and  cannot 
be  changed  by  any  known  means.   If  this  is 
true,  my  question  still  stands'   What  is  a 
phoria?   How  does  one  originate?   How  do  you 
measure  and  define  the  state,  process  or 
entity? 
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The  answers  I  got  from  these  two  gentlemen 
did  not  satisfy  me.   These  answers  could 
not  be  made  to  conform  to  the  lines  of  think- 
ing I  have  received  from  my  training.   Of 
course  their  contention  is  that  my  own  views 
are  merely  my  own  and  not  necessarily  the 
true  ones.   To  this  there  can  be  no  argu- 
ment.  The  test,  and  the  only  test  I  know, 
of  any  theory  is  an  operational  one.   Can 
it  be  made  to  work?   Can  you  reconstruct 
the  motor  or  effector  patterns  in  such  a  way 
that  such  restructuring  of  the  field  will 
force  the  reorganization  of  the  so-called 
sens'ory  portion  of  the  total  process?   And 
if  you  do  it  properly  will  it  be  transitory, 
fragile  and  variable  or  will  it  stick? 

Also  last  week  a  recently  retired  Commander 
in  the  Navy  came  to  my  laboratory.   This 
officer  two  years  ago  spent  eight  weeks  in 
the  Recognition  School  learning  to  see  the 
sh;i.pes  of  ships,  planes,  etc.,  at  far  point. 
Then  he  wore : 

-  1.50  -  2.50  X  180 

-  3,00  -  1.25  X  10 

At  the  end  of  eight  weeks  of  nothing  but  far 
point  tachistoscopic  training  and  just  before 
he  went  to  sea,  a  21  point  visual  analysis 
gave  him  these  new  lenses: 

-  1.25  -  2.00  X  180 

-  1.75  -  1,75  X  180 

Last  week  through  these  lenses  his  binocular 
acuity  at  far  was  20/l5,   A  recheck  showed 
not  only  no  loss  in  a  year  and  a  half  with 
no  practice  (this  officer  did  no  identifi- 
cation work)  but  a  clear  indication  that  a 
proper  training  program  could  unquestionably 
still  further  improve  his  total  effective 
seeing.   The  officer  is  now  in  this  fifty- 
ninth  year.   Look  at  the  left  eye.   A  study 
of  both  analytical  examinations  in  this  case 
is  interesting,  and  hundreds  of  such  examples 
could  be  assembled  to  show  that  an  argument 
in  behalf  of  the  functional  possibilities 
for  the  reconstruction  of  seeing  is  not  with- 
out factual  and  verifiable  objective  evidence 

Any  kind  of  finalistic  thinking  is  bad.   We 
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seek  only  the  truth  and  hope  only  that  stu- 
dents of  how  we  see  will  cast  up  accounts  on 
both  points  of  view  and  after  the  evidence 
is  in^  make  a  decisiono 

When  a  region  becomes  dominant  as  one  level 
of  a  gradient  or  physiological  axis,  it  also 
becomes  independent  of  other  lower  lying 
regions.   If  the  difference  becomes  great 
enoughs  physical  isolation  may  be  observed. 
If  a  short  piece  of  a  flatworm  is  isolated 
from  any  level  of  the  body  and  is  explanted 
it  may  transform  completely  into  an  apical 
structure  or  head^  other  parts  of  such 
secondary  system  being  completely  absent^ 
If  an  earthworm  is  cut  in  two  the  anterior 
portion  heals  more  quickly  and  shows  less 
restoration  change  than  the  posterior. 

Physical  isolation  is  usually  followed  by 
significant  behavior  changes «   If  the  isola- 
tion is  extensive  enough  the  parts  either 
die^  or  if  they  live  they  tend  to  develop 
either  into  new  individuals  or  to  become 
more  like  the  head  or  anterior  portions  of 
the  original  individual.   Parts  isolated 
lose  their  characteristics  as  parts  and 
tend  to  approximate  the  condition  of  a  whole 
new  individualo   The  less  highly  developed 
and  differentiated  the  more  this  is  true. 
Size  and  rate  of  growth  are  factors  in  iso- 
lation, bringing  certain  parts  beyond  the 
control  of  the  dominant  region.   In  plants 
decrease  in  dominance  by  plucking  buds  leads 
to  increased  budding.   Whatever  decreases 
dominance  thereby  places  an  active  upsurge 
upon  posterior  regions  of  the  gradient  to 
change  behavior  and  form  in  the  apical  direc- 
tion.  This  fact  is  not  v\(ithout  significance 
in  visual  field  structuringo   Does  macular 
vision  dominate  and  establish  a  gradient  to- 
ward peripheral  isolation?   If  so  it  is 
reasonable  that  in  case  such  'domination- 
should  lead  to  a  weakening  of  the  phenomenal 
ground,  this  would  conduce  at  once  to  a 
species  of  independency  of  figure,  rendering 
it  less  stable,  less  strongly  positioned  and 
hence  subject" to  alteration  of  form  conse- 
quent to  change  of  positiono   Other  similar 
analogies  are  at  once  producabl-e  in  the 
visual  field.   The  Schumann  effect;,  x„e„^    an 
experimentally  produced  monocular  diplopia, 
and  the  (j)  phenomenon  in  which  a  single  point 
may  split  and  move  in  two  directions  at 
once,  e„g„p  to  the  base  points  of  an  equi- 
l.ateral  triangle,  are  cases  in  point.   In 
these  instances  it  appears  that  'strong'' 
regions,  i.e.,  regions  of  high  potential 
or  activity,  may  not  only  dominate  lesser 


regions  but  may  tend  to  reduce  their  spatial 
separations,  or  to  consolidate  them  and 
simplify  them.   At  any  i-ate  it  is  certain 
that  a  little  reflection  shows  many  parallel 
between  the  'simple'  organization  within  the^ 
simplest  protoplasms  and  the  far  more  comple:' 
patterns  in  such  functions  of  the  higher 
vertebrates  as  object,  form  and  space  vision 

Blocks,  that  is  chemical,  electrical,  ther- 
mal or  mechanical  obstructions,  may  also  be- 
come the  means  of  the  isolation  of  subordi- 
nate parts.   Several  investigators  have 
shown  that  cold  influences  dominance  and  ' 
subordination  in  plant  tissues  by  an  inter- 
ference with  the  normal  transmission  of 
excitation  rather  than  the  transport  of 
nutrient  substances,  .  . 

This  leads  to  another  way  in  which  isolation 
may  be  established.   If  a  subordinate  region 
is  subjected  to  prolonged  and  repeated  stim= 
ulation  it  may  develop  into  a  region  of 
secondary  dominance  and  thereby  achieve  as 
much  of  relative  independence  as  local  con- 
ditions will  permit.   The  two-headed  flat- 
worm,  which  can  be  produced  at  will  by  this 
means  or  some  combination  of  the  several 
means  of  establishing  multiple  regions  of 
dominance,  two-headed  calves  or  foetuses, 
twins  and  the  rebranching  of  a  growing 
plant  are  cases  in  point.   From  our  point 
of  view  this  is  an  important  phase  of  the 
whole  problem.   Repetition  of  excitation 
may  serve  to  so  alter  the  relative  indepen- 
dence of  a  region  that  its  total  functions 
can  be  transformed.   It  is  likewise  con- 
ceivable that  the  direction  of  change  can 
be  reversible.   Thus  decrement  or  increment 
of  a  function  can  be  brought  about  by  the 
agency  of  changes  in  adjacent  or  relatively 
remote  regions.   Again  returning  to  our 
field  of  primary  interest,  v\re  can  appreciate' 
that  a  change  in  one  part  of  a  visual  pat- 
tern can  restructure  and  transform  the 
functions  of  another,   A  change  in  far  point 
acuity  can  lessen  an  excessive  esophoria 
at  near,  if  the  'field*  theory  is  sound. 
And  I  suspect  that  many  of  you  who  will  read 
these  lines  have  repeatedly  seen  just  that 
sort  of  thing  happen  clinically  "again  and 
again  and  again. " 

In  19  23  Newman  showed  that  in  the  armadillo 
there  are  normally  four  embryos.   This 
quadruple  comes  from  a  single  fertile  egg, 
Newman  showed  that  there  is  a  quiescent 
period  during  gestation,  with  a  consequent 
reduction  in  dominance.   He  argued  that 
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this  sets  the  stage  for  a  number  of  radial 
'heads'  usually  four.   So  far  as  I  have 
followed  this  literature  the  evidence  is 
still  stronglj^  circumstantial  in  behalf  of 
Newman's  view,  but  nonetheless  it  is  en- 
tirely plausible  and  consistent  with  the 
weight  of  evidence  in  studies  of  develop- 
mental organization  of  the  type  we  have 
been  considering. 

From  the  foregoing  it  is  clear  that  such 
concepts  offer  us  also  a  means  of  under- 
standing one  way  in  which  limits  to  grov^th 
can  be  set.   While  there  may  have  been  races 
of  giants  at  one  time  in  our  history,  our 
diet,  sleep,  and  activity  plan  in  our  pre- 


sent civilization  may  set  definite  limits 
as  to  height,  v.-eight,  speed  of  reaction^ 
etc„,  through  the  necessity  for  a  not  too 
great  gradient  of  relation  between  dominant 
and  subordinate  regions. 

Human  infants  are  at  birth  well  on  the  v/ay 
to  some  phases  of  formal  structuring.   In 
other  phases  the  infant  must  wait  for  loco- 
motion to  develop.   For  if  he  remains  sessile 
many  of  his  functions  will  remain  in  lower 
subordination.   It  is  highly  probable  that 
the  visual  world  he  learns  to  create  for 
himself  is  a  highly  integral  part  of  his  V'^ider 
unifying  body  organization.   Mental  life  is 
so  very  lai-gely  muscular  life  I 
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In  the  biological  realm  organic  form  in  its 
various  phases  originates  from  a  single  cell 
or  egg.   As  the  single  cell  grows  it  reaches 
or  approximates  a  limit  beyond  which  it 
must  divide  and  rejuvenate  itself  or  die^ 
This  limit  is  set  by  the  relation  of  sur- 
face area  to  the  volume  of  the  cell.   The 
cell  contents  increases  as  the  cube  and  the 
surface  as  the  square.   ^is  the  cell  in- 
creases in  size  it  eventually  reaches  a 
point  v\fhere  the  surface  or  plasma  membrane 
is  not  longer  capable  of  supplying  or  pass- 
ing sufficient  oxygen  and  water  soluble 
foodstuffs.   Cell  division  or  reproduction 
is  a  means  of  restoring  a  balance  of  the 
surf ace- volume  ratio.   Reproduction  or  re- 
juvenation m_ay  thus  be  regarded  as  an 
episode  in  growth.   But  what  is  growth? 
How  is  it  related  to^  development,  differ- 
entiation and  de-differentiation  in  the 
process  of  establishing  and  maintaining 
organic  form?   Is  there  a  basic  similarity 
between  these  processes  and  the  development 
of  functional  forms  which  we  call  learnings 
perceiving  and  remembering? 

Before  we  consider  these  problems  defini- 
tively we  must  first  state  as  clearly  as  we 
can  the  meaning  of,  and  the  differences  be- 
tween, the  concepts  of  growth  and  develop- 
ment,  Paul  Weiss*  has  shown  that  organic 
life  can  be  studied  either  as  a  process 
occuring  in  a  limited  cross  section  or  as 
a  longitudinal  section  of  time.   Most  bio- 
logical and  psychological  functions  are 
phasic  and  intermittent-"respiration5 
digestion,  work,  sleep,  metabolism. 

The  ebb  and  flow  of  these  functions,  im- 
portant in  their  own  right,  are  yet  modula- 
tions upon  the  longer  section  wave  of  what 
Cannon  called  homeostasis  -  a  perduring 
organic  unity,  changing  slowly  into  new 
patterns  of  formal  structure.   Two  charac- 
teristics mark  the  developmental  or  long- 
section  change  and  differentiate  it  from 
the  growth,  or  cross-section  phase:   (l) 
its  course  is  forward  to  a  progressively 
'better'  or  'higher'  stage,  "never  revers- 
ing its ^ trend  and  never  returning  us  to  an 
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earlier  stage;"  ( 2)  its  rate  varies  inverse- 
ly with  age.   Developmental  changes  are 
slow,  progressive,  non-reversing.   Physio- 
logical changes  are  'fast,'  periodic  and 
repetitive.   In  embryonic  life  development 
rate  is  high;  function  low.   Development 
is  antecedent  to  function,  generally,  but 
it  must  not  be  implied  that  development  is 
forward-looking  and  sets  the  stage  for 
later  functional  operations.   There  are  many 
instances  of  developmental  events  which 
lead  to  no  useful  functional  end,   Weiss 
holds  that  "if  an  effect  passes  without 
leaving  a  trace,  it  is  physiological;  if" 
it  leaves  a  permianent  residue  in  the  organ- 
ism., it  is  developmental,"  And  a  little 
farther  on  he  says  that  "no  vital  processes 
are  in  themselves  either  specifically  de- 
velopmental or  specif ically  physiological. ,, . 
developmental  and  functional  processes  are 
essentially  of  the  same  making,,"  This 
authority  finally  concludes  that,  for  him, 
the  single  trustworthy  criterion  of  develop- 
ment is  progressiveness .   "Developmental 
changes  are  cumulative  and  progressive;  they 
produce  new  structures,  new  shapes,  new 
configurations,  new  proportions,  new  re= 
lations,  rather  than  periodically  repeating 
old  ones  as  is  typical  of  physiological 
processes ,  " 

Later  I  shall  hope  to  show,  that  in  psy- 
chological optics  at  least,  we  must  make  a 
further  extension  of  the  meaning  of  the 
term  development.   We  must  broaden  it  to 
include  those  important  instances  in  which 
developmental  progress  is  occasioned  by  a 
recession  to  a  simpler  level  with  a  conse- 
quent expansion  of  performance  capacity 
both  quantitatively  and  qualitatively  and 
an  important  ancillary  effect  in  freeing 
the  organism  for  still  wider  conquests. 
In  the  development  of  perception,  for  exam- 
ple, the  transition  from  the  stage  of  the 
■search  for  meaning  to  that  of  direct  appre- 
hension is  a  case  in  point.   There  seems 
no  escape  from  the  recognition  as  a  fact 
of  the  doctrine  of  emer gents;  that  wholes 
are  always  something  more  than  aggregates 
of  parts;  that  when  we  add  two  simple  com.- 
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ponents  we  may  get,  as  in  acoustics,  some- 
thing like  the  mass  of  sum  and  difference 
tones,  unpredictable  in  experience,  no  mat- 
ter how  ably  the  physicist  describes  the  ma- 
trix frequencies  nor  the  anatomist  the 
structure  of  the  ear  and  brain. 

In  the  history  of  the  life  sciences  there 
has  long  been  controversy  over  the  problem, 
of  nature  versus  nurture,  or  of  ^reformism 
versus  Epigenesis,   For  the  advocates  of 
preformism,  every  shape,  function  and  struc- 
ture is  present  in  the  fertile  egg.   Devel- 
opment consists  in  converting  latent  into 
overt  and  manifest  parts,  always  without  the 
appearance  of  new  emergent  properties.   In 
its  extreme  form  the  doctrine  is  a  pure 
biological  atomism.   The  organism  as  a  unity 
is  achieved  by  the  aggregation  or  addition 
independent  unit  'parts'.   An  organ  is  a 
particular  collocation  of  separate,  inde- 
pendent cells.   An  act  is  a  concatenation 
of  simple,  independent,  unit  movements,  such 
as  tropisms,  instincts  or  reflexes. 
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There  was  a  time  not  many  years  ago  when 
this  doctrine,  coupled  with  a  v\frong  inter-  ' 
pretation  of  Mendelian  heredity,  settled 
almiost  all  of  our  problems,   A  child,  if 
he  or  she  was  wise  in  selecting  his  parents 
had  nothing  to  worry  about.   If  Billy  flunk 
ed  his  algebra  and  incurred  the  wrath  of 
his  music  teacher,  the  way  out  for  Bill  was 
easy--he  simply  failed  to  "inherit"  enough 
of  the  two  magic  and  mystical  "talents," 
"traits,"  or  "faculties"  labelled  mathema- 
tical ability  and  musical  ability,  and  the 
fault  clearly  belonged  to  his  parents. 
Parents  appease  their  consciences  in  the 
same  way.   For  biologically  a  son  and  his 
father  are  really  half-brothers ,  chips  from 
the  same  old  block  of  germ  plasm.   Bill's 
"parents  are  thus  an  amazing  array  of  dif- 
ferent types  and  varieties  of  people.   Each 
generation  is  about  thirty  years.   The 
following  figures  will  show  that  in  8  gen- 
erations, about  240  years.  Bill  is  a  produc^ 
of  510  parents,  255  pairs. 


Calendar  Years  1940 

Generations  1 

Number  of  Parents  2 

Cumulative  Siom  2 


1910 

1880 

1850 

18  20 

1790 

1760 

17  3 

2 

3 

4 

5 

6 

7 

8 

4 

8 

16 

32 

64 

128 

256 

6 

14 

30 

62 

126 

254 

510 

There  is  no  denying  that  the  basic  stock  is 
important  in  giving  Bill  a  stable  and  edu- 
cable  neuromuscular  system,  nor  that  this 
long  line  of  parents  may  have  set  some  very 
definite  limits  to  what  Bill  can  do  or  be» 
But  there  are  weighty  argijments  also  for 
the  Epigenetic  position*   It  is  perhaps  un- 
fortunate that  the  two  ways  of  regarding  the 
problem  of  development  have  been  set  over 
against  each  other  as  antagonistic  and  in- 
compatible,  Weiss,  in  the  book  cited  pre- 
viously, has  pointed  out  that  our  attitude 
toward  this  problem  should  be  a  "neither- 


nor"  rather  than  an  "either-or"  one 


We 


should  examine  the  factual  evidence  and 
from  it  formulate  the  best  point  of  view 
'A'hich  present  knowledge  will  permit,   "Aft- 
er all,  much  of  our  scientific  progress 
consists  not  so  much  of  solving  problems 
as  of  setting  wrong  problems  right." 

The  advocates  of  Epigenesis  hold  that  organ- 
isms develop  from  rather  crude,  non-differ- 
entiated materials.   Structural  organization 
develops,  not  as  a  process  of  unfolding  of 
preformed  parts  inherent  in  the  egg,  but  are 
progressively  differentiated  and  individual- 
ized as  a  consequence  of  the  continual  ex- 
change of  energy  between  the  growing  and 


developing  organism  and  its  surrounds, 
Speeman  and  others  have  pointed  out  that 
'organizers',  i.e.,  dominant  and  pace- 
setting  regions  conduce  to  formal  pattern- 
ing and  that  the  whole  system  develops  as 
a  finely  balanced  and  coordinated  unity, 
^An  organism  regarded  as  a  system  of  systems 
thus  has  no  independent  'parts',  for  parts 
are  really  classifications  made  by  an  ex- 
ternal observer.   Strangely  this  theory'-  of 
the  primary  role  of  the  whole,  unitary 
organism  is  as  old  as  the  view  that  organ- 
isms are  merely  aggregates  or  hierarchial 
arrangements  of  cells,  or  other  unitary 
building  blocks.   Organic  systems,  however, 
tend  to  maintain  themselves  following  con- 
ditions of  disruption  of  equilibrium  which 
would  be  fatal  to  an  aggregation  in  which 
there  is  no  agent  to  maintain  internal  co- 
herence.  Parts,  organs  or  segments  of 
organisms  are  not  functionally  self-deter- 
minative but  the  amount,  rate  and  limits  of 
their  behaviors  is  set  by  the  constant 
action  of  restraining  and  enhancing  forces 
developed  within  the  organic  system. 

This  principle  is  of  fundamental  importance 
throughout  nature.   It  is  worthy  of  much 
thoughtful  study.   The  late  Max  Wertheimer, 
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and  more  recently  W.  Kohler  and  K.  Koffka, 
between  1910  and  1912  clearly  recognized 
the  importance  in  psychology  of  this  pro- 
cess of  organization  'from  above'  as  con- 
trasted with  the  antomistic  theory  that 
construction  proceeds  'from  below'. 

The  forces  of  integration  are  something  even 
more  fundamental  than  the  manifest  and  ob- 
vious mechanisms  of  coordination  and  corre- 
lation- -namely,  the  central  nervous  sytem. 
Many  of  the  striated  or  voluntary  muscles 
are  well  developed  in  advance  of  any  recep- 
tion of  the  sole  plates  of  motor  nerves. 
In  fact,  Speidel  showed  that  the  effector 
creates  a  region  toward  which  the  prolifera- 
tion of  the  growing  tip  of  the  nerve  fibril 
approaches  in  the  same  general  way  that  the 
tip  and  leaves  of  a  plant  turn  into  the 
light.   There  is  no  mysterious  deus  ex 
machina  in  an  heliotropism.   Energy,  which 
takes  on  form  through  positional  dispersion. 


goes  on  where  it  can  and  must  go--in  a  poten- 
tial gradient. 

This  line  of  thinking  merits  much  m.ore  ex- 
tended discussion  that  either  space  or  the 
writer's  competency  can  give  it  here.   When 
now  we  think  of  seeing  and  the  anatomical 
eye  and  all  its  distance  receptor  connections 
developed  so  early  to  so  late  a  stage  of 
perfection:  and  when  functional  proficiency 
comes  on  so  late;  develops  so  slowly  and 
often  weakly  and  inefficiently,   (Think  of 
the  form  perception  of  untrained  adults i) 
You  must  realize  that,  for  example,  it  is 
meaningless  to  talk  of  Esophoria  in,  of, 
and  by  itself.   Any  change  in  the  field  which 
is  seeing  will  induce  changes  in  the  total 
configuration  of  function.   What  is  field? 
This  is  another  fundamental  concept  of  modern 
science.   VJe  shall  make  it  the  topic  of  a 
following  paper. 
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As  I  look  to  the  west  out  of  my  office 
window^  I  see  a  panorama  of  trees,  build- 
ings, streets,  cars,  paths  and  students 
hurrying  to  and  from  classes  in  an  ever 
changing  pattern.   Some  portions  of  the 
visual  field  are  more  stable  and  fixed; 
others  are  transitory,.   When  the  late  after- 
noon sun  is  low  and  orange  light  is  on  the 
green  patina  of  the  copper  roofs  and  when 
the  cold  murky  gray  softens  boundaries, 
the  scene  "looks"  quite  different.   The 
objects  comprising  the  scene  at  any  moment 
have  clearly  defined  boundaries;  they  have 
position,  size,  shape,  color,  and  appur- 
tenance.  That  is,  they  'belong'  to  this 
particular  'scene',  this  locale.   There  is 
relation,  plan  of  organization,  structure 
within  the  field.   Walks  criss-cross 
through  the  Oval  joining  the  buildings 
which  house  Archeology,  Law,  Commerce, 
Economics.   A  turn  of  the  head  and  there 
are  the  buildings  of  Metallurgy,  Mechanics, 
Chem.istry  and  Engineering.   These  names 
are  the  designations  of  groups  or  sub- 
groups within  the  'field'.   And  at  once 
it  becomes  apparent  that  the  visual  field 
is  more  than  something  visual.   Part, 
certainly,  of  the  structure  of  the  field 
which  enables  me  to  see  together,  as  a 
unit  sub-group,,   Portions  of  this  total 
field  are  the  residual  behavior  patterns 
which  extend  back  over  years  of  daily 
contacts  of  many  sorts. 

The  first-time  visitor  who  views  this 
same  scene  does  not  and  cannot  see  the  same 
scene  I  do.   The  bleak  walls  of  that  old 
building  over  there  are  really  partly  trans- 
parent as  I  view  it,  for  it  was  there  that 
old  Professor  Blank  did  such  brilliant  and 
important  work  and  young  Joe  Doaks  made  the 
discovery  which  has  since  earned  him  mil- 
lions and  has  had  such  world-wide  conse- 
quences.  If  "Stone  walls  do  not  a  prison 
make.  Nor  iron  bars  a  cage"  ----  then  this 
is  but  a  recognition  of  the  fact  that  the 
patterning  of  the  visual  field  is  something 
which  is  largely  shaped  by  agencies  which 
are  in  reality  non -visual. 


Even  for  the  British  scientist  who  sat  here 
an  hour  ago,  the  view  'of  the  scene  Is  an 
organized  field,  even  though  he  was  unaware 
of  the  fact  that  the  nearness,  similarity 
of  shape,  brightness,  color,  etc  of  'parts' 
of  the  field  were  at  work  to  group  or  struc- 
ture it.   If  his  eyes  converged  and  paused 
upon  the  stone  pillars  of  one  building,  he 
then  must  have  'seen'  the  front  of  another, 
some  twenty-four  degrees  to  thirty  degrees 
eccentric  to  it,  and  hence  blurred  into  the 
unnoticed  role  of  a  part  of  the  enveloping 
ground  which  served  as  the  stage-setting 
for  the  pillared  figure  of  Page  Hall.   Let 
us  therefore,  realize  clearly  that  much  of 
the  interplay  of  forces  which  fabricate 
the  scene  we  see,  is  not  directly  experienced, 
And  memory  adds  another  'dimension'  to  the 
sensory-cerebro-motor  processes  of  the 
present. 

Purdy  has  shown  that  whenever  the  nasal 
and  temporal  retinas  are  simultaneously 
excited  by  two  portions  of  the  visual  field 
'out  there',  a  tension  posture  is  produced 
by  the  co-acting  antagonistic  extrinsics; 
and  the  motor  pattern  may  exert  a  singifi- 
cant  transforming  influence  upon  the  purely 
retinal  or  sensory  activities.   The  retina.^ 
fields,  projected  to  the  brain,  may  be 
regarded  as  constantly  shifting  mosaics  of 
potentials.   And  the  ultimate  forms  they 
may  take  are  most  certainly  contingent  upon 
many  factors  which  are  non -nervous   The 
total  body  posture,  for  example,  must  en- 
force upon  the  visual  field  a  ground  in- 
strumental in  shaping  the  course,  the  size, 
position  and  interrelations  existent  and 
operative  within  that  field.   Thus  we  must 
realize  that  the  organized  or  structirred 
field  is  not  a  mere  setting  together  of  in- 
dependent parts,  or  sub-groups   Activities 
in  one  part  of  a  field  influence  activities 
in  other  parts .   The  amount  and  direction 
of  such  influence  will  depend  upon  the 
attributes  or  properties  of  each  in  relation 
to  the  other.   Specific  examples  have  been 
cited  in  previous  papers.   We  need  only  to 
point  out  here  that  in  vision,  the  concept 
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of  a  field  is  that  of  an  active,  construc- 
tive on- going  process,  and  that  we  must 
take  care  now  to  give  ample  thought  to 
the  problems  which  arise  when  we  deal  with 
seeing  from  this  point  of  view,  for  in 
future  years  it  is  almost  certain  that  the 
revision  of  practices  will  follow  in  this 
direction^   Kohler  wrote  that  "a  theory  of 
perception  must  be  a  field  theory. "   It 
might  well  be  added  that  a  theory  of  see- 
ing must  be  a  field  theory^   But  more 
about  this  later o 

In  biology  the  field  concept  has  appeared 
as  a  natural  and  inescapable  consequent  of 
the  many  studies  of  the  achievement^ 
through  growth  and  development^  of  organic 
form.   It  is  interesting  to  note  that  the 
term  "field'  is  not  found  in  Professor 
Child's  "Physiological  Foundations  of  Be- 
havior ^  '".  (1924,  Holt,  New  York)^  whereas 
in  -'Patterns  and.  Problems  of  Development*' 
(1941,  Chicago  University  Press),  it  is 
given  a  prominent  place „   It  occupies  about 
a  fourth  of  Paul  Weiss'  "Principles  of 
Development^,  "  (1939^  Holt,  New  York), 

Let  us  look  at  the  'field-  as  it  is  used 
in  bioJ, ogyo   When  the  egg  divides  and  re- 
divides,  the  cells  soon  become  numerous 
and  arrange  themselves  in  a  three  layers 
hollow  ball-like  blastula.   The  embryonic 
ectoderm^  mesoderm  and  entoderm  are  the 
outer,  mid  and  inner  layers  of  cells.   Each 
of  these  as  it  developes  and  differentiates 
lays  down  the  beginnings  of  subsequent 
tissues  and  organs o   Within  the  ectoderm? 
the  cells  are  interchangeable  in  the  blas- 
tular  stage  3   If  a  region  which  would 
develop  into  a  part  of  the  brain  and  one 
which  wouj.d  become  belly  skin,  are  trans- 
planted f'Spemann,  1921  1  the  cells  "comply 
with  the  formative  tendencies  of  their  new 
surroundings,"  and  except  for  a  difference 
in  pigmentation  it  is  barely  possible  to 
recognize  the  transplant  from  adjacent 
tissues  after  healing.   Such  experiments 
prove  thB.t  the  cells  have  no  original  in- 
trinsic 'fate'  or  plan  and  that  they  must 
have  been  acted  upon  by  some  external  agent 
of  organization  which  gave  direction  to 
their  growth  and  development  in  harmony 
with  the  new  surrounds,   'Field,'  thus 
may  mean  the  first  simple  polar  organiza- 
tion of  the  cell  in  which  a  heal-tail 
metabolic  gradient  is  established;  or  it 
may  mean  the  later  formation  of  sub-region- 
al fields,  such  as  a  limb-bud. 


Just  as  in  the  above  instances  of  transplants 
from  the  same  layer.  Mangold  in  19  23  showed 
that  cells  at  the  pre-gastrula  stage  can  be 
moved  from  one  germ  layer  to  another  --- 
ectoderm  to  mesoderm  or  visa  versa,,  with  the 
same  results.   As  we  may  well  imagine  not 
all  properties  of  the  cells  are  thus  'free'. 
Size  of  nucleus,  pigmentation  and  a  certain 
pattern  of  individual  or  distinctive  bio- 
chemical form  remain  relatively  unchanged, 
even  though  the  cells  may  take  on  new  forms 
and  functions  in  the  new  surrounds. 

The  field  influence  shows  itself  very  aptly 
in  the  control  of  the  size  and  rate  relations 
in  the  formation  of  joints;  and  a  still  more 
striking  case  is  the  development  of  the 
long  bones.   Ossification  proceeds  from  three 
points  or  'centers'  --  at  each  end  and  in 
the  middle.   Between  these  '.active'  regions 
lie  the  cartilage  structures o   As  the  bone 
elongates,  there  is  often  seen  a  sudden 
'freezing'  of  the  region,  probably  induced 
by  a  hormone  produced  in  some  remote  struc- 
ture, and  ossification  of  the  cartileges 
proceeds  at  once  to  stop  further  lengthen- 
ing of  the  bones o   Such  chemical  'fields' 
are  common  and  well  known.   The  lactation 
of  the  mammariae  is  induced  by  a  substance 
from  the  egg-follicle  of  the  ovary.   Modern 
endocrinology  is  replete  with  examples  of 
this  typeo   The  body  as  a  whole  is  correla- 
ted and  coordinated  into  a  smooth  working 
unity  because  of  the  fact  that  the  total 
physiological  field  organization  sets  up 
regions  which  are  functional  'parts'  of 
other  wider  systems,  and  these  in  turn  are 
part  and  parcel  of  still  larger  groups. 
The  direction  of  the  unifying  influence  is 
"from  above  o  " 

The  view  of  tradition  is  of  course,  the 
converse  of  this;   The  antomistic  parts 
are  built  up  'from  below';  complex  struc- 
tures are  formed  by  the  addition  of  simple 
elements o   But  the  weight  of  evidence  is 
all  against  such  a  view.   Habits  were  once 
regarded  as  chains  of  simple  reflexes, 
built  up  'from  below,'   We  know  today  this 
is  not  trueo   The  completely  learned  skill- 
ed movement  is  a  transformation  of  a  tensipn 
movement,  in  which  antagonistic  muscles  are 
constantly  acting,  into  a  ballistic  movement 
in  which  there  is  no  brake- like  action. 
The  muscle  contraction  throws  the  member  in 
a  quick  contraction  into  a  percussion  stroke. 
The  member  swings  through  free  and  easy, 
and  approximation  and  correction  is  effect- 
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ed  by  the  sensory  appraisal  of  the  direction 
and  consequences  of  the  act. 

It  must  be  pointed  out,  in  fact,  that  a 
biological  or  psychological  'field'  is  a 
real  thing,  even  though  you  cannot  see  a 
'field'  under  the  microscope.   To  some 
misguided  souls,  the  concept  of  a  field  is 
dismissed  as  a  mystical  or  unreal  agent  of 
organization;  a  verabal  means  of  solving 
the  difficult  problems  of  unity  and  in- 
dividuality in  organism.   But  this  is  a 
defeatist  point  of  view  and  no  scholar  who 


will  weight  the  evidence  can  escape  the 
conviction  that  the  introduction  of  the 
field  concept  is  a  forv\fard  step  of  the 
first  order  of  importance.   Of  course,  v;e 
are  new  to  it  and  there  are  many  things  for 
research  to  do  before  we  can  specify  the 
laws  of  field  structuring.   But  this  is  a. 
hopeful  and  glowing  prospect.   Next  month 
we  shall  have  more  to  say  about  the  develop- 
ment of  organic  form  and  the  striking  simi- 
larity it  bears  to  our  own  interests  in  the 
field  of  vision. 
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Fields,  at  any  moment,  are  dispersions  or 
distributions  of  energy  in  space  forming 
a  pattern  or  structure.   The  essential 
feature  of  such  patterning  is  the  set  of 
relations  which  emerge  from  the  fact  that 
the  dispersion  of  regions  in  space  and  time 
differing  in  area,  potential,  PH,  etc  09 
influence  not  only  each  other,  but  also 
importantly  set  up  certain  controls  over 
other  intermediate  regions.   Sub-regions 
may  be  formed  so  as  to  represent  objects 
or  aggregates  of  objects  bounded  and 
'separated'  from  adjacent  regions  which 
serve  as  the  surround  or  support  to  sta- 
bilize this  'object,'   Redistribution  of 
energy  can  occur  suddenly  and  can  bring 
with  it  a  striking  change  in  pattern  and  in 
pur  phenomenal  awareness  of  objects  and 
relations.   Examples  are  many  of  the  so- 
called  illusions  of  reversible  perspective: 
The  radical  change  in  the  appearance  of  the 
objects  in  a  room  as  the  level  of  illumina- 
tion is  lowered  to  a  sufficient  degree.   The 
books  and  lamp  on  a  table  may  merge  into 
something  seen  as  the  stooped  figure  of  an 
old  man;  illustrations  could  be  multiplied. 
But  then  all  show  quite  clearly  that  our 
visual  field  is  an  internal-external  re- 
lation of  highly  unstable  order;  that 
'reality-  which  we  ascribe  to  what  is  out 
there  may  be  more  a  matter  of  the  contribu- 
tion of  the  inner  than  the  outer  portions 
of  the  fields   In  states  of  strong  emotion, 
in  prolonged  anxiety  or  high  tension,,  the 
warping  and  distortion  of  what  is  'seen' 
has  long  been  clearly  recognizedo   Here  the 
observer  'reads  in'  interpretations  not 
justifiedby  the  realities  given  by  the 
total  stimulus  relation  as  viewed  by  another 
free  from  the  lattice  set  in  the  field  by 
the  persisting  pressures  which  shape  the 
fields 

Some  of  our  field  patterns  are  transitory 
and  quickly  changing;  others  may  be  more  or 
less  stabilized  and  conventionalized,   Paul 
Weiss  defines  a  field  as  "the  condition  to 
which  a  living  system  owes  its  typical  organ- 
ization and  its  specific  activities."   He 
lists  6  properties  of  fields  which,  with  some 


paraphrasing,  I  quote 


(1)  Field  activity  is  an  outgrowth  -of  the 
activity  of  the  physical  mechanisms 
of  the  body  and  their  interactione 

(2)  A  field  is  a  unity  and  not  a  mosaic. 

(3)  Fields  tend  to  maintain  themselves. 
The  stable  equilibrium  is  a  field- 
pattern,  •  ■■      •   •.'  ■ 

(4)  Field  structures  vary  in  3  dimensions 
of  space  and  are  often  multipolar, 
which  means  that  their  effects  may 
differ  in  opposite  senses  along  the 
same  polar  axis, 

(5)  Fields  may  change  in  size  without 
altering  relative  proportions,  '  . 

(6)  Splitting  and  fusion  of  fields  may 
occur  with  accompanying  changes  of 
influence  depending  upon  spatial  and 
temporal  relations  of  the  final  total 
patterns  '  "  ■ 

To  these  I  may  add  that ^       '   '  ' 

(7)  Fields  have  a  fourth  dimension--time-' 
in  which  regular  and  systematic 
changes  take  place. 


:8) 


Active  energy  change  is  a  basic  char- 
acter of  any  field„   Grouping  produces 
emergent  effec+:s  conforming  to  long- 
section  temporal  field  structures. 
Language,  miemorial  functions  of  sjtr- 
bolism  and  other  perceptual  elabora- 
tions are  the  agents  for  maintaining 
the  plot  or  plan  of  organizations 

In  psychological  optics,  stimulation 
and  response  are  both  agents  of  field 
organization,  which  in  turn  determines 
the  amount,  rate,  and  limits  of  visual 
functions.   The  field  structure  is 
the  primary  thing. 


We  shall  return,  later,  to  this  question  of 
23" 


(9) 
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the  basic  properties  of  fields,  particular- 
ly as  it  applies  to  our  own  special 
interests  in  vision.   It  is  my  belief  that 
no  development  in  visual  science  has  been 
more  important.   Let  us  look  about  at  another 
aspect  of  the  problem. 

Field  theory — and  the  highly  practical  bear- 
ings it  has  in  many  important  activities — 
has  developed  almost  simultaneously  in  sev- 
eral provinces  of  science.   In  psychology 
its  place  has  grown  to  first-order  impor- 
tance.  In  biology  it  has  wrought  large 
changes  in  thinking  and  gives  promise  of 
even  greater  future  developments.   Even  in 
mathem.atics  it  has  put  in  appearance  and 
here,  where  it  is  called  group  theory,  it  ■ 
is  regarded  as  one  of  the  most  important 
of  modern  developments.   For  example,  it  is 
recognized  that  many  algebraic  equations  of 
the  fourth  degree  and  higher  are  insoluble 
by  ordinary  methods.   Group  theory  applied 
to  them  makes  them  comparatively  easy  (for 
the  trained  mathematician])  to  solve.   What 
is  the  nature  of  this  thing? 

It  may  seem  the  very  height  of  presumption 
for  one  who  is  not  trained  in  mathematics 
to  attempt  any  kind  of  explanation^,   So 
with  proper  humility--we  shall  try.   It  is 
frequently  true  that  when  1  of  anything  is 
added  to  1  other  of  the  same  kind  of  thing, 
the  sum  may  be  greater  or  less  than  two« 
The  mere  presence  of  two  things  in  space 
and  time  may  produce  effects  unpredictable, 
no  matter  how  much  we  may  know  about  either 
or  both  as  unities.   Two  points  of  light 
is  a  uniform  black  visual  field  set  up  the 
beginnings  of  a  structure  in  which  neither 
point  behaves  as  it  would  were  it  alone, 
Two-ness  therefore  is  a  problem,  and  we  are 
certainly  not  clear  as  to  its  reachesc   If 
you  are  inclined  to  regard  such  questions 
as  'academic'  and  'ivory  tower'  enterprises, 
let  me  but  suggest  that  some  fourteen  of  the 
twenty-one  phases  of  the  analytical  eye 
examination  involve  stereoscopic  vision^ 
You  talk  quite  freely  about  fusion,  often 
as  if  you  really  understand  at  least  a 
part  of  the  meaning  of  this  word.   But 
'fusion'  is  simply  our  same  old  problem 
rearing_its  deceptive  head.   Is  the  third 
spatial  dimension,  with  fourth  time  dimen- 
sion, an  emergent  added  property  of  two- 
ness  when  the  two  single  views  "seek  to 
join"  another  superior  (or  inferior?)  group? 
Someday  research  will  answer  questions  of 
this  type.   It  is  enough  for  us  to  realize 
that  'simple'  addition  is  far  from  simple; 
that  there  are  many  ways  in  which  things  can 


combine;  and  finally  that  ultimate  aggregate 
of  things  may  still  contain  the  possibilitie 
for  the  existence  of  sub-groups  capable  of 
recombination  to  comprise  new  wholes.   And 
when  this  occurs,  new  properties  and  attri- 
butes may  be  expected. 

In  a  similar  way  we  must  see  that  since  to 
multiply  is  but  another  way  of  adding  the 
same  cautions  must  apply  here.   If  x  =  5 
and  y  =  2,  then  xy  =  10.   If  this  is  true, 
then  yx  should  likewise  equal  ten.   Whether 
it  does  or  not  again  depends  upon  the  nature 
composition  and  aggregation  of  the  two  and 
the  five .   As  soon  as  mathematics  discovered 
it  could  group  things  in  a  number  of  ways 
and  could  treat  .groups  and  differences  be- 
tween groups  in  a  more  effective  computa- 
tional way,  it  immediately  found  in  such 
methods  new  ways  to  solve  old,  insoluble 
problems.   I  mention  this  instance  here  only 
to  illustrate  the  fact  that  group  theory 
in  mathematics  is  another  instance  of  field 
theory--the  same  general  concept  which  the 
great  Faraday  early  recognized  in  physics. 

Let  us  look  now  at  some  aspects  of  field 
concepts  in  psychological  optics.   Almost 
every  visual  "stimulus"  is  a  patternor 
constellation  of  energy-densities  arranged 
within  some  sort  of  boundaries.   If  light 
and  dark  masses  are  in  moderate  nearness 
one  to  the  other,  the  change  called  apparent 
brightness  or  contrast  effect  may  be  noted. 
The  receptors  respond  to  this  and  similar 
kinds  of  relations.   They  are  just  as  "real" 
as  are  the  atomistic  patches  of  light  and 
dark.   As  soon  as  light  from  these  patches 
reaches  a  retina  the  brightness  gradient 
sets  up  a  tension  pattern,   Purdy  and  others 
have  shown  that  from  this  point  on  the  motor 
or  effector  component  in  the  developing 
field  structure  can  and  frequently  does 
completely  transform  the  sensory.   If  the 
reader  entertains  serious  doubts  as  to  the 
reality  of  the  influence  of  the  simple  fact 
that  the  size,  shape,  position,  and  bright- 
ness of  a  seen  shape  depends  as  much  or 
more  upon  where  and  when  such  shape  is  im- 
pressed upon  an  existant  visual  field  struc- 
ture as  upon  its  own  intrinsic  properties, 
I  can  only  urge  the  careful  reading  of  the 
recent  literature. 

When  the  retina  has  finished  its  work  of 
compensatory  transformation  of  the  so-called 
stimulus  pattern,  the  enhanced  and  suppressed 
remainder  is  passed  on  to  the  brain,  there 
to  undergo  still  further  remarkable  reshap- 
ing in  a  field  of  forces  which  the  brilliant 
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work  of  Kohler  and  his  students  is  opening 
up  to  us , 

But  this  brain  field  is  a  sub-group  within 
the  still  wider  framework  of  the  active 
(even  during  sleep!)  effector  apparatus  of 
the  body.   One  fact. alone  is  sufficient  to 
emphasize  the  basic  importance  of  motor 
theory:   Vjlisn  muscle  tonus  is  reduced  to  a 
minimum  in  enough  of  the  musclature,  there 
is  no  consciousness.   There  are  at  least 
three  dozen  men  and  women  who,  last  summer, 
saw  in  our  laboratory  and  were  convinced  that 
visual  patterns  and  skills  in  the  dorsal  and 
ventral  total  body  postures  are  two  quite 
different  things.   What  kind  of  mechanism, 
for  example,  could  leave  near  and  far  acuity 
unmolested  and  at  the  same  time  radically 
upset  phorias,  ductions,  stereo-thresholds, 
and,  in  size-constance  judgments  pull  the 
distant  targets  closer  and  make  them  bigger? 
Why  have  we  seen,  again  and  again,  this 
winter  the  expansion  of  the  true  form-fields 
to  4  to  6  times  the  original  areas  from 
tachistoscopic  training  using  only  horizon- 
tal patterns  of  digits  which  produce  as  much 
proportional  extension  in  the  vertical  as 
in  the  horizontal  retinas?   Only  as  we 
examine  these  things  in  the  light  of  the 
field  concept  are  we  able  to  aggregate  them. 

In  moments  of  leisure  I  have  tried  to  con- 
struct an  imaginary  visual  model  of  how  we 
see  any  simple  common  object  -  say  the  blue- 
green  vase  of  flowers,  leaves,  etc.,  on  the 
white  mantel  of  our  living  room.   To  do  this 
with  any  small  success  I  must  detach  myself 
as  observer  and  sit  on  the  ridge  of  the 
roof  -  first  having  either  refabricated  my 
home  in  transparent  plastics  or  given  myself 
a  new  kind  of  penetrating  vision. 


Down  there  in  the  room  everything  is  trans- 
parent.  It  is  all  enlarged  so  that  the 
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streaming  of  ions  are  as  easily  visible  as 
snowf lakes.   The  fellow  down  there  sees  and 
names  the  vase  of  flowers.   I  up  here  strive 
to  fabricate  the  whole  structural  act  of 
seeing  a  thing.   The  roots  of  the  skill  to 
see. the  shape  and  place  of  the  vase  go  back 
to  that  fellow's  infancy.   Many  years  of 
habit  have  set  the  space-time  lattice  in 
which  the  shape  is  seen<,   Language--naming-- 
v^fields  its  potent  force.   That  fellow's 
brain  is  the  meeting  place  for  the  resolu- 
tion of  a  tapestry  of  forces--up  from  the 
past,  here  in  the  present,  back  from  the 
object.   Mephistopheles  sits  down  beside 
me  to  enjoy  the  spectacle.   "The  fool  thinks 
he  sees  the  vase"  is  his  only  comment. 
He  must  diabolically  realize  that  compara- 
tively little  is  seen  with  the  eye  if  all 
the  facts  are  taken  into  ac county   The 
energy-pattern  there  in  that  fellow's  brain 
--see  how  much  of  it  com.es  from  all  the 
other  'parts' of  his  bodyl   His  eyes  furnish 
something  like  the  melody  of  a  single 
violin  set  in  the  grandeur  of  the  full 
symphony  orchestrac 

It  is  difficult  in  the  extremie  to  picture 
one's  self  in  the  sanest  and  soberest  of 
moments  the  majestic  grandeur  of  a  mechan- 
ism as  remarkable  as  that  involved  in 
seeing  any  common  object.   My  own  crude 
approximations  have  not  been  satisfactory. 
It  has  been  fun  trying,  and  perhaps  not 
without  some  useful  consequences. 

Next  month  I  shall  attempt  a  summary  of 
some  recent  important  researcn  and  we  shall 
see  how  beautifully  it  fits  the  field  con- 
cept. 
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One  of  the  most  helpful  things  vre  can  do, 
if  we  wish  to  form  some  kind  of  clear 
understanding  of  the  field-concept,  is  to 
abandon  the  division  of  perceptual  experi- 
ences into  three  parts  or  phases;  the  sen- 
sory, the  cerebral,  and  tiie  motor. 

It  goes  without  saying  that  no  controversy 
with  physiology  and  neurology  need  be  en- 
gaged in  at  this  point.   We  can  readily  ad- 
mit vvhatever  evidence  they  may  propose  to 
maintain,  for  their  purposes,  a  sharp 
dif f 5rentiation--such  e.g.,  as  the  select- 
ive toxic  action  of  drugs  like  strychnine, 
curare,  etc.   Such  admission  does  not 
weaken  the  Cc.se  for  the  proposal  of  the 
first  paragraph  above,   We  nec;d  m.erely  to 
affirm  our  postulation  that,  in  psychologi- 
cal optics,  tne  activities  of  tne  sense- 
receptor  mechanisms  are  dependent  upon  the 
framework  of  the  executant  motor  mechanism.s 
since  even  before  tonus  and  reactance-level 
approach  zero,  sense-organ  functions  are 
nullified.         ■    .  :  '  '■. 

Perhaps  the  grossest  and  most  comnon  error 
in  the  past  has  been  the  belief  tnat  the 
primary  source  of  all  perceptual  experiences 
vfas  ■  to  be  found  in  some  sort  of  externa] 
sensory  stimulation,   .     . 

The  weight  of  evidence  is  imposing  and  to 
the  contrary.   In  the  first  place  the  my- 
riad flood  of  afferent  conduction  at  any 
instant  is  a  pattern  originating  from  prao- 
tically  all  of  our  sense  organs.   To  change 
this  pattern  radically  all  that  is  needed 
is  to  change  the  set,  attitude  or  self-im- 
posed instruction,  or  to  superpose  it  upon 
a  kinetic  pattern  which  is  incompatible. 
For  example,  hold  your  lips,  tongue,  and 
speech  apparatus  in  the  posture  of  just 
completing  the  pronunciation  of  the  vowel 
^,   Now  have  someone  show  you  a  card  on 
v^fhich  is  typed  a  singJe  ', .'ord,  with  the  in- 
struction:  Ilaintain  posture  and  signal 
vjith  your  hand  when  meaning  appears.   Let 
the  word  be  WATER,   You  note  a  definite 
strangeness  and  a  manifest  difficulty  in 
following  implicitly  the  simple  instruction. 


■  ''..'  Vol  ,5   Ho  ,8 

Further,  as  Purdy  has  shown,  in  the  rivalry 
of  two  or  more  impulses  lies  the  basis  of 
disjunctive  seeing.   Unless  there  is  some 
unifying  factor,  the  end  of  every  ■'^stimu- 
lus  pattern"  could  conceivably  be  nothing 
more  than  the  empty  meaningless  nullity 
you  experienced  in  the  simple  experim.ent 
of  the  preceding  paragraph. 

In  children,  rivalry  is  weaker.   Seeing  is 
more  coherent.   In  adults,  coherent  seeing 
is,  like  laziness,  an  achievement,  with 
the  advantage  over  childhood,  that  he  may 
see  either  disjunctively  or  coherently  as 
he  adopts  one  attitude  or  another.   To  see 
forms,  shapes,  things  as  figures  set  in 
'the  ^real  '  pattern  of  fore,  mid  and  back- 
grounds is  a  form  of  energy  collection  and 
transformation  that  represents  a  unitary 
process,  whose  beginning  and  end.  I  doubt 
that  any  i.ian  can  localize,  and  more  I  doubt 
that  any  good  can  issue  from  the  ascription 
to  the  "stimulus"  of  the  force  or  forces 
that  set  the  direction  or  the  end  of  the 
process.   Did  not  Dewey,  as  early  as  1896 
point  out  that  the  trouble  with  the  stimu- 
lus-response doctrine  (among  others')  was 
that  always  "The  Stimulus"  lies  inside 
rather  than  outside  the  act? 

In  his  studies  of  pursuit  movements  of  the 
eyes.  Dodge  maintained  that  the  executant 
form  of  the  adjustive  activity  was  the 
unifying  agency  at  work  in  the  perception 
of  the  movemiont  of  the  oscillating  object. 
The  'schemes  for  action"  do  not  oririnate 

o 

in  or  derive  from  the  stimulus  patterns  <, 
Lumley's  subjects,  learning  a  serial  multi- 
ple-choice problem,  "developed  inklings  of 
the  whole  long  before  thej'-  were  able  to  go 
through  it  step  by  step  with  com.plete  con- 
fidence" and  with  accuracy. 

In  perception  the  structuring  of  the  seoaratc 
components  into  a  unitary  pattern  is  always 
accomplished  under  the  dominance  of  a  fluent 
growth  which  is  miotor,   when  training  has 
proceeded  to  extensive  limits  and  th.e  per- 
ceptual perfomuaice  becomes  very  highly 
skilled,  this  perform.ance  is  characterized 
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by  a  complete  absence  of  any  visual  imagery 
and  is  marked  by  a  feeling  of  aesthetic 
gratification  vvhich  comos  from  the  smooth 
running  of  the  motor  course  v^rhich  begins 
even  before  the  stimulus  pattern  is  present- 
ed to  the  eye.   Repeated  observations  in 
tachistoscopic  experiments  have  abundantly 
confirmed  the  fact  that  after  exposure  any 
stumbling  or  hesitation  in  the  executant 
movem-ent  becomes  an  effective  eraser  and 
blocks  the  reproduction  of  the  seen  figure 
at  that  point. 

As  skill  is  achieved  in  the  visual  percep- 
tion of  forms,  ground  becomes  nearer  to 
figure;  there  is  more  articulation;  there 
is  greater  coherence  and  unity  in  the  pro- 
cess t.nd  figure  emerges  more  sharply  etched 
and  more  resistant  to  any  distortion. 

There  is  nothing  intrinsic  or  unique  about 
what  is  seen  as  figure.   The  figure  is  mere- 
ly the  name  v^e  give  to  that  portion  of  the 
total  field  v^rhich  by  its  strength,  position, 
resistance  to  distortion  and  similar  opera- 
tional proporties  represents  the  focus  or 
point  of  maximum  potential  vvfithin  the  field. 
It  is  necessary,  of  course,  for  us  to 
realize  that  such  potency  may  be  achieved 
and  probably  always  is  achieved  as  a  reso- 
lution or  algebraic  summation  of  both  in- 
ternal and  external  factors.   This  is  evi- 
dent if  Vvfe  consider  the  course  of  perception 
and  the  search  for  meaning  when  we  look  at 
a  new  or  ambiguous  fi.rure.   Kany  of  the 
readers  of  this  article  will  recall  that  on 
C'-rtain  occasions  I  have  shown  on  the  screen 
such  a  picture  of  a  cow.   One  thing  amply 
illustrated  by  vievvring  this  slide  is  that 
the  emergence  of  figure  seem.s  to  take  place 
entirely  independent  of  the  total  duration 
of  looking,  and  of  the  direction  of  regard 
upon  any  specific  portion  of  the  picture. 
I  have  repeatedlj^  observed  that  even  after 
tracing  the  outline  of  "Ihe  animal's  head 
with  a  pointer,  many  spectatoi's  c.re  still 
unable  to  disembed  the  figure,   Vdhen  the 
figure  does  em^erge,  it  comes  suddenly  in  a 
single  bound.   The  transformation  of  the 
field  is  instant.   I  can  think  of  no  better 
illustration  of  the  principle  that  field 
structuring  into  the  pattern  of  a  figure- 
ground  organization  is  neitner  determined 
nor  predetermined  bj^  any  physical  character- 
istic of  the  so-called  stimulus  pattern. 
We  are  forced,  therefore ,  to  the  conclusion 
that  a  sucstsmtial  fraction  of  the  stimu- 
lus is  already  present  in  the  neuromaiscular 
apparatus  of  the  perceiver  long  tf^fcrc  any 


object  is  presented  to  the  eye  to  be  seen. 

At  this  point,  a  word  of  caution  should  be 
sounded.   There  is  a  tendency  in  some  quar- 
ters to  go  to  unwarranted  extrem.es  in  the 
abandoning  of  the  sensation  doctrine.   If 
we  postulate  that  the  whole  process  of  per- 
ceiving begins  v/ith  the  prodromal  set  of 
events  v-zhich  set  the  stage  within  the  or- 
ganism and  subsequently  largely  predetermine 
the  course  of  perception  and  memory  and  if 
v^e  regard  the  energy  change  which  v;e  call 
the  stimulus  as  a  single  external  episode- 
in  the  course  of  the  total  process,  then 
it  must  be  quite  evident  that  vje  must  not 
recklessly  abandon  the  external  energy 
change  completely  for  to  do  so  vfould  be  to 
destroy  a  highly  essential  portion  of  the 
total  process.   All  thtit  vvo  are  insisting 
is  that  we  must  not  think  in  terms  of  a 
rigid  artificial  division  into  three  phases 
or  stages  (the  sensory,  cerebral,  and  the 
m.otor)  of  a  process  vvhich  is  in  its  most 
perfect  state  a  complete  kinetic  unity. 

Thus  field  organization  in  perception  gives 
us  a  perfect  paradigm  for  field  organiza- 
tion in  biology.   Professor  Child,  for 
exam.ple,  in  his  most  recent  book  says,  "The 
field  is  constituted  by  the  gradients 

present the  gradients  are  the  vectors 

of  the  field  and  determine  its  extent  and 
the  orderly  relations  in  it."   "Realization 
of  field  potency  in  actual  development  is 
localized  in  the  high  region  of  tne  gradient 
or  gradient  system  constituting  the  field 
simply  because  this  region  is  the  intensive- 
ly active  one,"  For  Child,  gradients  de- 
rive basically  from,  changes  in  metabolism. 
He  argues  that  any  agent  whicn  levels  the 
metabolic  gradients  also  stops  the  pro- 
cesses of  dominance  and  isolation  which 
are  the  means  of  development  patterns  of 
axiate,  polar,  and  sagittal  sj-Timetry  in 
organic  development.   It  is  interesting  to 
note  that  advanced  think^,rs  in  the  biologi- 
cal jriold  are  not  all  in  perfect  agreement 
v.'ith  Child  on  this  latter  point.   As  a 
matter  of  ract,  Speem.an  Parker,  and  Weiss 
dissent  v/ith  the  view  that  the  primary 
agent  oi  organization  is  the  metabolic 
gradient. 

There  have  been  numerous  efforts  to  localize 
the  essential  process  of  the  form-meaning 
sequence  in  tlie  train.   The  afferent  volleys 
undoubtedly  do  cr.^ate  isomorphic  patterns 
there,  and  these  are  conceivably  capable 
of  furnishinp;  the  material  substrate  for  all 
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the  p*hases  of  perceiving,  retaining  and  re- 
calling.  To  me  the  most  brilliant  experi- 
mental and  tneoretical  attack  upon  this 
problem  is  the  recent  monegraph  of  Kohler 
and  Wallack;   "Figural  ilf  ter-Eff  ects  .  " 
Without  the  slightest  intention  of  criti- 
cizing so  important  a  work  it  is  none  the 
less  necessary  to  realize  that  any  account 
of  field-organization  which  disregards  or 
minimizes  the  conspicuous  role  the  effectors 
play  throughout  every  phase  of  visual  ex- 
perience is  bound  to  be  but  a  partial  and 
incomplete  account.   It  has  been  repeatedly 
pointed  out  (e.g.  by  von  Frey  and  others) 
that  the  visual  space  world  cannot  be  con- 
stituted from  visual  components  alone.   The 
sensory  impact  is  itself  as  a  part  of  the 
total  motor  (i.e.  energy  regulating)  mecha- 
nism as  is  the  contractile  and  secretory 
work  of  the  effectors  themselves.   It  is 
simply  an  utter  artificiality  to  single  out 


an  early  portion  of  the  process  and  give  it 
a  name,  after  v;hich  the  name  is  treated  as 
a  real  unit.   This  process  is  called  reifi- 
cation  and  needless  to  say  is  to  be  avoided. 

No  matter  what  the  pattern  of  impression, 
it  undergoes  a  whole  series  of  transforma- 
tions as  time  goes  on.   What  we  recall  is 
never  what  was  in  the  original  perceptual 
fieldj  rather  it  is  that  thing  stripped  of 
detail,  simplified  and  condensed  along  lines 
laid  down  by  enduring  long-section  sets, 
attitudes,  dispositions.   The  field  grows 
or   dies  away;  becomes  aggregated  with  others. 

Later  we  shall  attempt  to  show  how  these 
considerations  apply  to  the  analysis  and 
interpretation  of  visual  skills;  and  to  the 
reconstruction  of  anomalous  seeing  by  an 
appropriate  training  program  plarjaed  for 
each  individual  case. 
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The  building  of  the  visual  space  skills  has 
been  recognized  by  leading  genetic  psy- 
chologists (e.g,  Gottschaldt)  as  fundamental 
to  most  other  forms  of  developm.ent ,   Skill, 
in  this  sense,  I  shall  define  as  the  re- 
organization of  the  cortical  m.otor  conse- 
quences of  the  excitation  pattern.   The 
excitation  pattern  is  the  aggregate  of 
afferent  impressions  from  whatever  source 
at  any  moment,  plus  the  active  'traces'  of 
motor  patterns  set  previously  in  the  cen- 
tral distributor  mechanisms  in  the  behavior 
life  history.   In  the  active  process  of 
perceptual  field  structuring,  therefore,  it 
is  necessary  to  inquire  into  the  role  played 
by  the  sense  organs,   Titchener  wrote  that 
"we  always  perceive  more  than  is  furnished 
'hj   the  senses  c"   In  previous  papers  of  this 
series  it  has  been  em.phasized  that  it  would 
be  tragic  indeed  if  our  eyes  always  report- 
ed in  exact  one-to-one  ratio  the  intensi- 
ties, sizes,  hues,  distances,  etc,  of  the 
things  out  there  comprising  our  visual 
worlds  0   It  is  a  fundamental  fact  that  our 
sense-  organs  never  transmiit  what  they  re- 
ceive.  They  are  compensatory  miechanism.s  , 
They  suppress,  for  example,  the  extremes 
of  intensity.   In  color  photography  or 
painting,  exact  spectrophotometric  repro- 
duction is  rarely,  if  ever  tolerated.   Curved 
lines  are  always  seen  straighter  than  they 
really  are.   And  if  you  will  study  the 
m.echanics  of  hearing  you  will  learn  that 
pressure  in  the  endolymph  within  the  cochlea 
remains  quite  constant  over  a  vvfide  range  of 
frequency  -  intensity  relations o 

In  the  skin  the  distribution  of  sensitivity 
is  discontinuous  and  punctiform.   On  the 
tip  of  the  nose  within  a  given  area  there 
are  found  thirteen  times  as  many  cold  as 
warm  spots.   On  the  back  of  the  hand  the 
number  of  spots  was  half  as  many  but  in  the 
same  proportion.   On  the  nose  there  were  , 
forty-f our ■ pain  spots  to  one  hundred  and 
eighty-eight  on  the  back  of  the  hand;  and 
pressure  gave  one  hundred  for  the  nose, 
and -fourteen  for  the  hand„   When  histo- 
logical sections  of  the  nerve  supply  to  the 
tvjo  regions  were  studied,  a  felt-work  of 
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nerve  fibrils  was  found  under  each,  v>/ith  no 
specifically  differentiated  terminal  re- 
ceptor structures  for  each  qualitative 
variety  of  sense  experience.   And  vvhen  the 
mapping  is  done  as  carefully  as  possible 
many  times,  the  pattern  of  distribution  of 
the  spots  is  never  the  same.   If  a  spot  is 
found  todajr  within  the  top  left  quarter  of 
a  certain  square  millimeter,  and  just  to 
the  windward  of  a  hair,  it  may  be  found 
there  again  only  once  in  ten  times  in  fifty 
repetitions  of  the  mapping.   In  the  eye, 
there  are  excellent  reasons  for  doubting 
the  duplicity  theory,  that  there  are  but 
two  types  of  photoreceptors  -  rods  and 
cones.   Detwiler  and  others  have  shown  that 
there  are  transitional  and  intermediate 
types  of  structures  -  rod-like  cones,  and 
cone-like  rods.   Concerning  the  roles  they 
play  in  seeing,  we  have  only  the  most  meager 
information. 

It  is  difficult  to  define  the  term,  receptor 
satisf actoriiyo   Reasons  for  this  difficulty 
are  at  once  apparent.   As  indicated  above, 
we  do  not  even  know  the  mechanisms  in  the 
skin  which  furnish  us  our  prlmB.ry  tempera- 
ture discriminations  cv   Further,  we  do  not 
know  how  they  get  stim.ulated,  or  why  we 
get  the  experiences  of  paradoxical  cold  and 
paradoxical  warm.   And  pain  is  a  pain  •-  if 
you  have  ever  tried  to  puzzle  out  what  it 
is,  and  what  is  its  mechanism.   Roughly  a 
receptor  is  a  dendritic  branch  of  a  nerve 
which  responds  to  some  limited  portion  of 
the  spectrum  of  radiant  energy  or  to  the 
impact  of  pressure,  temperature,  electric 
current,  etc<,   btit  here  again  things  are 
not  so  easy  as  they  may  seem..   One  examiDle 
will  show  that  area  or  nunfcer  of  receptors 
firing  simultaneously  is  necessary  in  som.e 
sense  iriodalities .   ^-i.few  years  ago,  we 
attempted  to  discover,  in  our  taste  labora- 
tory, the  number  and  kind  of  fundamental 
taste  qualities,   a  fine  capillary  tube 
enabled  us  to  deliver  a  solution  to  the 
orifice  of  a  taste  bud  seen  with  a  wide- 
field  binocular  microscope.   Solutions  of 
quinine  hydrochloride,  .sucrose,  and  sodiujn 
chloride  in  two,  four  and  ei^ht  times  the 


Page  #32.  -  Fields  -  Vol.5   No. 9 

threshold  intensity  gave  no  qualitative 
taste  differences.   The  conclusion  seems  to 
be  that  a  single  bud  cannot  be  made  to 
yield  a  qualitative  impression.   Further 
it  is  true  that  Scofield  was  able  to  show 
that  when  topical  solutions  of  novocain  were 
applied  to  the  tongue,  the  first  effect  of 
the  anaesthetic  was  to  diminish  motilitys 
not  the  action  of  the  taste  receptors. 
Taste  thresholds  vary  with  the  area  stimu- 
lated and  also  with  the  regions  of  the 
tongue  -  greatest  sensitivity  being  found 
in  those  marginal  places  vvhere  the  curva- 
ture is  greatest,  and  where  the  tongue  is 
most  massaged  by  the  teeth.   Dentists  will 
tell  you  that  pcitients  may  complain,  after 
the  fitting  of  their  first  artificial  den- 
ture or  plate,  of  a  radical  change  in  taste. 
Usually  the  normal  function  returns  after 
a  few  days.   Foods  are  preferred  by  young 
children  at  quite  different  temperatures 
than  adults. 

In  the  evolution  of  the  central  nervous 
system  there  has  been  a  specialization  and 
differentiation  of  the  receptors.   We  still 
know  all  too  little  about  them„   In  the 
course  of  evolution  aggregates  of  receptors 
have  developed  into  sense-organs.   The  sense- 
organ  is  often  an  accessory,  non-nervous 
structure  or  mechanism  which  operates  to 
protect  or  assist  the  receptors  in  perform- 
ing their  functions.   In  the  evolution  of 
the  eye,  from  the  simple  light-sensitive 
spot  on  the  tip  of  the  rays  of  the  star- 
fish to  the  human  eye,  there  is  to  be  found 
a  wide  variety  of  forms  of  the  sense-organ. 
Accommodation  is  effected  in  some  forms  by 
the  pressure  of  bony  plates  v-.'hich  literally 
flatten  the  globe;  in  others  by  the  forward 
and  back  movement  of  the  whole  lens;  and 
if  anyone  is  deceived  as  to  the  simiplicity 
of  the  mechanism  of  accommodation  in  the 
human  eye,  let  him  look  to  the  literatu.re. 
Certain  facts  stand.   But  the  commonly 
accepted  teaching  of  the  flattening  and 
bulging  of  the  lens  capsule  by  tension  up- 
on the  suspensory  ligaments  from  the  ciliary 
is  not  mechanically  possible^   So,  accommo- 
dation is  still  a  problem,  and  like  many 
other  operations  of  our  sense  organs,  a  very 
complex  one. 

The  eyes  move  and  pause  and  in  so  doing 
exert  definite  influences  on  the  truly  vis- 
ual functions,   Rexroad  som_e  years  ago 
developed  an  after-image  which  he  project- 
ed upon  a  grey  ground  across  which  a  thread 
was  stretched.   Upon  fixation  of  a  k^p-^-  in 


the  thread  the  influence  of  tonus  and  tensior 
in  the  extrinsic  muscles  could  be  observed 
by  moving  the  knot  from  side  to  side.   The 
pattern  of  proprioceptive  excitation  from 
the  muscle  postures  had  such  pronounced  in- 
fluence on  the  after-image  that  the  author 
felt  that  the  concept  of  the  after-image 
must  be  extended,  at  least,  to  include  the 
significant  effects  attributable  to  the 
accessory  musculature. 

Elsewhere,  m  these  papers,  brief  descrip- 
tions of  Stratton's  early  observations  on  ' 
the  sem.i-pseudoscope  was  given.   The  'insult' 
to  the  total  sense-organ  pattern  and  the 
resulting  anisotropy  of  space  in  these  in- 
stances is  further  proof  of  the  assertion 
that  much  of  seeing  is  non-visual.   When 
we  take  size-constancy  measurements  with  the 
observer  in  a  'normal'  sitting  posture,  then 
in  the  prone  dorsal  and  ventral  positions, 
we  get  three  different  size  -  matches  con- 
sistently.  Although  the  angle  of  regard  is 
the  same  in  these  three  instances,  the  re- 
sults differ  markedly.   The  reduction  in 
size,  yvhich  should  be  the  equivalent  of  in- 
creased distance,  is  greater  in  the  ventral 
than  in  the  dorsal  or  sitting  positions  in 
that  order.   These  findings  are  at  variance 
with  the  conclusions  of  Boring  on  the  same 
question.   For  him;,  the  essential  factor  in 
size-constancy  is  the  angle  of  regard.   If 
it  is  constant  the  apparent  sizes  are  con- 
stant.  Only  further  research  can  finally 
decide  5,   But  it  looks  like  the  changes  in 
the  postural  components  of  the  field  which   ' 
form  a  portion  of  the  ground  on  which  our 
space,  size  and  form,  discriminations  emerge 
bring  figure  changes  independent  of  fixa- 
tion or  accomjnodation  postures.   Every 
clinician  has  seen  persons  exhibiting  high 
Esophorias,  checked  by  three  or  more  meas- 
ures of  phoria,  at  far  and  at  near  who 
nevertheless  could  not  fuse  targets  either 
at  far  or  near  whose  separations  of  prism- 
effects  placed  them  well  vvdthin  the  limits 
of  the  phoria.   If  a  phoria  is  an  anomalous 
space  projection  then  it  is  quite  clear 
that  many  determinative  agents  can  act  to 
produce  it  other  than  mere  position  of  the 
lines  of  regard.   So  again  we  must  recognize 
that  the  sense-organ  itself  is  a  first 
region  of  transformation  of  the  impression 
pattern  and  while  important  phases  of  field 
organization  take  place  here  it  is  entirely 
erroneous  to  look  to  the  eye  itself  as  the 
final  determiner  of  resolving  power,  bright- 
ness, form  size,  position,  distance,  move- 
^.■^nt  -  in  short,  of  any  truly  visual  process* 
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The  'unity  of  the  senses'  (Hornbostel)  is 
not  a  mere  phrase.   It  has  long  been  known 
that  ocular  nystagmus  and  the  function  of 
the  semi-circular  canals  are  closely  asso- 
ciated.  It  is  likewise  true  that  all  af- 
ferent impulses  from  sight,  hearing,  the 
skin  and  kinaesthetics  are  correlated  in 
the  midbrain.   Since  object  and  form  iden- 
tification do  not  occur  below  the  striate 
it  is  evident  that  visual  field  structuring 
will  be  profoundly  influenced  by  the  ground 
supplied  from  the  effector  backstroke  and 
from  the  proprioceptive  components  in  the 
total  pattern.   The  stage  for  seeing  is  set 
by  these  factors  and  the  course  of  visual 
perception  is  dependent  upon  the  appropriate 


interrelations  of  these  activities.   The 
kind  of  visual  space  world  shown  by  any  in- 
dividual is  largely  derived  from  the  move- 
ment patterns  he  has  built  for  himself. 
These  are  non-visual  and  non-localizable 
and  non-verbalizable ,   This  is  why  it  is  to 
me  extremely  doubtful  that  purely  visual 
measurements  of  visual  space  phenomena  are 
true  indicators  of  the  actual  functional 
proficiency  level  of  an  individual.   If 
this  is  true  we  need  to  critically  re-examine 
our  tools  for  the  measurem.ent  of  binocular 
depth  and  distance,  fusion,  phorias,  etc. 
If  they  are  good  now,  there  is  every  like- 
lihood that  by  taking  stock  of  modern 
theory  we  can  make  them  still  better. 
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It  would  be  difficult  indeed  to  think  of  a 
more  important  topic  than  the  one  which  has 
been  the  object  of  discussion  through  the 
last  half  dozen  or  so  of  these  papers  - 
the  structuring  of  perceptual  fields.   In 
the  e-vening  paper  I  read  an  article  from  a 
famous  foreign  correspondent,   Nazis  in 
Berlin  are  still  loyal  to  the  hideous  thing 
~  Nazism..   Young  Nazis  openly  assert  they 
will  begin  at  once  to  prepare  for  the  next 
v^^ar.,   The  whole  perceptual  frarnev^Jork  so 
deeply. imbedded  that  even  the  rubble  of 
their  homes  and  the  scorn  of  the  v^orld  of 
those  who  can  give  some  proper  and  decent 
appraisal  to  life  --  all  these  even  cannot 
counterweigh  the  sinister  predeterm.ination 
of  conduct  springing  from  the  tightly 
organized  fields ^   Very  important  in  social 
psychology  and  hence  in  economics,  politics 
,,, everything  v>fhich  touches  people's  livesc 

A  young  surgeon  scrubs  up.   He  comes  to  our 
laboratory^   He  thinks  he  may  have  a  visual 
problem.;,  tired  after  three  major  operations. 
It  is  difficult  to  read  and  sustain  interest 
and  'grasp^-   Soon  the  torridest  of  movies 
induces  sleep.   Nothing  serious,  just  a 
vague  and  unlocalized  feeling  that  something 
is  not  quite  up  to  par-,   He  has  heard  some- 
thing about  'mjascle  exercises'  but  his 
training  ha-S  .m.8.de  him  frankly,  skeptical^ 
He  is  desirous  of  seeing  for  himself  what, 
if  anything,  psychological  optics  has  to 
say  about  such  a  problem  --  if  there  is  a 
problem-,   Without  discus.sion  or  argument^ 
we  go  to  work,   An  hour  later  three  pages 
of  com.pact  notes,  figures ^  findings  are  be- 
fryra   the  tvfo  of  us-   It  soon  becomes  crystal 
clear.   A  chaotic  and . self -defeating  pattern 
at  near  point;  a  space  structure  which  sure- 
ly cannot  go  farther  without  hampering  and 
interfering  with  his  highly  exacting  and 
im-portant  work.   Whole  areas  of  his  percep- 
tual fields  a  virtual  rubble.   He  wras  quick 
to  see  that  habits  can  and  do  interfere 
wir.h  one  another.   He  could  note  his  own 
gains  in  particular  functions  in  the  first 
quarter  hour  of  training.   He  is  sure  now 
he  can  V'ihip  his  problem.   Doesn't  he  insist 
upon  the  ambulatorjr  treatment  of  his  ovra. 
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patients?   Doesn't  he  see  how  functions  A 
and  B  and  C  and  D  and  E  must  VNfork  in 
synergy  if  he  is  to  see  singly,  binocul8.rly, 
sharply  and  as  the  first  stage  in  all  his 
adjustory  m_ovements?   Yes,  he  does.   But 
our  young  friend  is  just  another  example  of 
the  terrific  importance  of  field  organiza- 
tion,, 

The  trend  of  all  motor  processes  is  tov/ard 
equilibrium;  of  all  sensory  processes  is 
in  the  opposite  direction.   The  key  to  all 
meanings  lies  in  the  executant  movements 
which  constitute  the  oldest  of  all  the  form.s 
of  language.   If  the  sensory  is  the  early, 
preorganizational  phase  of  the  series  of 
events  beginning  with  the  upset  equilibrium 
(the  stimulus)  and  ending  with  the  consum- 
matory  act  then  it  is  fairly  easy  to  see 
that  if  one  can  accept  and  believe  this  sort 
of  thing  it  is  bound  to  give  new  and  dif- 
ferent direction  to  his  personal  and  pro- 
fessional activitiese 

To  perceive  v^re  must  perceive  something.   To 
perceive  is  a  transitive  verb^   It  always 
takes  an  object .  „Unity  and  continuitjr  are 
the  most  general  features  of  the  perceptual 
process..   It  is  characteristically  forward-- 
looking  and  anticipatory^   It  seeks  constant- 
ly in  the  effort  to  restore  equilibriujn 
for  the  motor  outlet  which  can  transform  or 
even  nullify  the  sensory  disturber,   "Only 
those  experiences  v\fhich  determine  adjustment 
have  an  objective  reference"  wrote  G,  Fo 
Stout  many  years  ago.   Yet  how  modern  and 
apropos  does  it  sound  today? 

The  motor  traces  can  transform  the  sensory 
impression  patterns.   And  they  do,.   The 
more  genuinely  active  the  percei'ver  the  m.ore 
certain  will  be  the  course  of  training  im- 
provement.  In  the  Schumann  effect,  for 
example,  where  a  single  point  of  light 
reaches  a  point  on  the  nasal  side  of  the 
retina  and  the  posture  of  the  globes  orient- 
to  attain  the  best  state  of  equilibrium  they 
c.an,  a  verba]  instruction  giving  rise  to 
the  incipient  movements  of  orientation  to 
a  second  temporal  point  of  light,  may  cause 


■35- 


Page   #36,    -   Psychological   Optics    -   Vol, 5      No. 10 


'Y  '".  ''  VSi  '*  ' 


it  actually  to  be  reported  as  seen.   Is 
this  an  artificially  induced  monocular  di- 
plopia?  Can  the  reverse  of  such  a  process 
be  the  essential  raechanism  of  combination 
or  aggregation  which  permits  you  to  see  the 
cow  I  have  often  shown  upon  the  screen  as 
a  perceptual  illustration  rather  than  two 
black  patches  separated  by  an  expanse  of 
void  white? 

A  further  example.   Eating,  like  learning, 
is  a  fundamental  biological  and  psychologi- 
cal device  for  energy  collection,  storage 
and  transformation,   Gotz  trained  chickens 
to  eat  as  he  wanted  them.   He  used  chickens 
because  they  were  certainly  free  from  lin- 
guistic and  many  other  types  of  human  pre- 
judices.  He  saw  to  it  that  they  ate  only 
if  they  selected  and  pecked  the  larger  of 
two  grains  of  corn.   When  they  had  learned 
■perfectly  he  arranged  so  that  the  larger 
of  two  corn  grains  excited  the  smaller  of 
the  two  retinal  patches.   The  chicks  select- 
ed the  larger  grains  even  when  the  ' retinal 
image'  was  l/SO  the  size  case  by  the  small- 
er of . the  two  grains:   Clearly,  overt  be- 
havior is  not  predetermined  by  the  geometry 
of  sensory  excitation. 

In  a  somewhat  similar  experiment  Revesez 
trained  chicks  to  eat  from  the  smaller  of 
two  areas.   When  the  two  areas  were  made 
of  identical  size  but  set  in  a  field  re- 
lation appropriate  to  make  one  look  small- 
er, the  chicks  selected  the  one  appearing 
smaller.   The  behavioral  determinants  of 
behavior  are  very  real  things ;,   They  work 
silently  and  unobtrusively.   You  have  to 
search  them  out. 

Now  let  us  look  closer  to  home.   A  young 
woman  of  24,  in  October  was  a  myope.   PR 
acuity  0U20/89.   One  eye  20/200,   High 
Esophoria  at  near.   Low  stereopsis„   Break 
and  recovery  points  poor.   Pursuit  and 
fixations  not  too  good.   With  the  ophthal- 
moscope it  took  a  -6  to  see  the  fundus. 
She  was  trained  until  Spring,   Acuity  now 
OU  at  far  20/30.   Orthophoria  at  far;  4  Exo- 
phoria  at  near,  -2.50  to  see  fundus.   Other 
things  up  and  on  the  way  up.   She  was  told 
by  a  doctor  of  medicine  "you  are  still  a 
myope  but  you  can  see  at  distance,"  This 
comiTient  raises  some  interesting  questions 
not  unrelated  to  our  considerations  of  basic 
theory,   I  cite  this  instance  for  two 
reasons:   to  show  that  the  names  we  give  to 
things  are  sensible  only  if  they  are  opera- 
tional,  A  two  horsepower  motor  is  one  which 


can  lift  a  specified  vvieight  so  far  in  one 
second.   Secondly  to  ask  how  normal  vision 
can  be  defined  in  any  other  terms  than 
those  defining  proficiency  of  adjustment 
when  equilibrium  is  upset? 

It  is  important  for  us  to  realize  that  any 
pattern  of  impression,  traced  to  its  end 
points,  will  meet  and  activate  correlate 
and  coordinate  regions  of  potential  in  the 
central  distributor  (the  brain  and  cord) 
which  are  the  traces  of  previous  adjustory 
movements  and  their  consequences.   They 
ivill  also  meet  proprioceptive  patterns 
from  the  postures,  tension  in  phasic  muscles 
and  glands  which  limit  in  space  and  time 
the  field  of  the  next  contractile  and  secre- 
tory effects.   These  'sets'  may  be  weak  or 
strong;  simple  or  elaborate;  transitory  or, 
as  Kohler  and  Wallach  have  shown,  enduring. 

With  continued  experience  of  a  specified 
sort  these  sets  become  degraded  in  the 
central  nervous  system.   They  become  sub- 
cortical or  even  spinal.   Their  role  may  be 
either  to  extend  or  restrict  the  course  of 
action,  .   , 

Suppose  a  new  and  strange  object  is  seen 
for  the  first  time.   Action  is  delayed  while 
the  'search  for  meaning'  goes  on.   The  por- 
tion of  the  experience  supplied  by  the  per- 
ceiver  is  weak  or  absent.   He  relies  on  the 
primary  'physical'  properties  of  the  exci- 
ting pattern.   He  sees  in  terms  of  relations 
as  they  are,  devoid  of  the  interpretative 
influences  of  cortical  and  sub-cortical 
motor  frames  of  reference.   His  visual  im- 
pression patterns  are  not  specified  as  to 
space  and  time  relations  until  he  makes  them 
so.   At  three  years  of  age  it  is  a  matter 
of  complete  indifference  to  a  child  whether 
a  picture  is  upside  down  or  seen  in  the 
conventional  orientation.   If  he  can  read 
a  little  later  he  reads  as  well  vvith  print 
inverted  as  he  does  in  the  'right'  position. 

Perceptual  processes  begin  as  wholes,  masses, 
undifferentiated  regions.   In  the  second 
stage  segregation  appears,  E.elations  are 
noticed,  of  parts  to  parts  and  parts  to 
wholes.   Structuring  proceeds  to  new  levels 
of  skill  in  seeing,  and  if  extended  by  prac- 
tice and  the  process  of  approximation  and 
correction  sufficiently,  the  third  stage 
of  recession  begins.   The  purely  visual 
processes  are  replaced  by  motor  sets.   In 
your  darkroom  or  fam.iliar  home  surrounds 
you  do  a  very  good  job  of  ' seeing  in  the 
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dark'  by  the  tactual,  kinaesthetic,  auditory 
and  motor  cues.   Seeing  becomes  less  and 
less  visual,  more  and  more  motor,  adjustory 
and  executant. 

Carried  to  still  further  development  there 
is  a  restructuring  of  the  field.   Visual 
impression  patterns  become  freed  from  in- 
hibitory and  distorting  central  interfer- 
ences and  seeing  and  imagery  take  on  the 
characteristics  of  the  eidetic  phenomenon^ 

It  is  not  at  all  impossible  that  in  this  se- 
quence of  events  we  have  the  answer  to  a 
preplexing  question;  how  can  V'/e  account  for 
the  difference  so  frequently  met  between 
the  optical  measurements  in  refraction  and 
the  phenomenal  vision  of  a  person? 

'Here  is  a  lad  of  15  years.   He  is  12  diop- 
ters Esophoria  at  near  and  14  diopters 


Esophoria  at  far.   At  near  point,  therefore, 
if  phoria  is  a  derivative  of  convergence 
he  should  be  able  to  see  pairs  of  stereo 
targets  separated  by  such  distances  that 
they  fall  within  his  zones  of  projection. 
But  he  cannot  tolerate  even  a  small  rela- 
tive base-out  displacement  and  fuse  at 
near.   The  same  is  true  of  Exophorias» 

Try  several  observers  with  the  pointer 
technique  on  stereogramis  EClO  and  110  of 
the  Keystone  series.   Measure  and  inter- 
pret your  findings o   You  will  see  that  the 
sai'ne  separations  are  not  phenomenally  the 
same.   The  grounds  are  different  and  the 
angles  of  regard  are  different,  and  the 
phoria  index  is  different.   Which  is  right? 

VJe  need  to  look  into  this  matter  very  care- 
fully*  In  fact  we  are  doing  so. 
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The  visual  spaces  of  psychological  optics 
are  several.   The  spaces  of  the  single  and 
double  eyes;  of  the  resting  and  moving 
eyes;  of  the  macular  and  peripheral  'regions; 
of  nasal  and  temporal  and  upper  and  lower 
retinas  -  all  differ.   Each  of  these  in 
turn  must  be  regarded,  as  Stern  described 
the  Ungestalt,  as  field  structures  in  which 
the  integrating  factor  is  the  self.   But 
what  is  this  thing  called  the  self?   Have 
we  not,  in  previous  papers,  followed  Vieiss^ 
Child  and  others  in  shov>;ing  that  any  agent 
of  organization  is  an  emergent  or  derived 
property  of  field  structuring  and  that 
vectors  here  are  set  in  precisely  the  same 
v^fay  that  the  interplay  and  resolution  of 
forces  drive  the  sailing  ship  or  set  the 
pattern  of  growth  and  development  in  a 
plant  or  anim.al  organism.   Does  Stern  there- 
fore miean  to  add,  as  agent  of  organization, 
some  abstraction  capable  of  gathering  in  to 
itself,  in  emipathy,  every  impression  pattern 
and  turning  them  to  its  own  particular 
account?   I  do  not  think  so,   F,  C,  Bartlett 
has  pointed  out,  for  example,  that  in  every 
instance  of  the  search  for  meaning,,  the 
j  effort  to  resolve  the  perceptual  dilemma 
I  vihen   some  new  and  unclassif iable  and  hence 
j  action-suspending  thing  or  process  comes  to 
us,  -v/ill  take  a  trend  characteristic  of 
'che  habitus  of  the  perceiver.   If  he  is 
pessimistic,  involuted  and  has  set  narrow 
limits  to  his  scope,  or  if  the  converse  is 
true,  the  content  and  mode  of  its  perceptual 
organization  v;ill  tend  either  to  meagerness 
of  detail,  simple  and  hard  factual  structur- 
ing or  to  elaboration,  embellishment  and 
projection  beyond  the  givens.   It  is  not 
unlikely  therefore  that  Stern  had  just  this 
sort  of  thing  in  mind  vvhen  he  felt  that  he 
needed  the  self  as  a  subject  for  the  transi- 
tive verb  "to  perceive, "  and  that  some 
rational  and-  defensible  a^ent  of  organiza- 
tion had  to  be  found.   Since  this  was  true 
the  aggregate  of  remembered  or  retained 
sets  —  largely  the  residua  of  motor  pro- 
cesses once  involved  in  definitely  useful 
or  advantageous  (but  not  necessarily  sol) 
executant  and  consufTtriatory  acts,  could  be 
represented  by  the  sort  of  shorthand  word 
self  to  designate  this  aj^gregate.   Nothing 
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mystical  and  certainly  nothing  v;hich  does 
not  accord  with  sound  motor  theory  need  be 
premised  if  one  chooses  to  say  thus  that 
the  self  is  the  agent  of  field  organization 
in  perception. 

But  surely  too  we  must  realize  that  the  very 
properties  of  such  a  concept  clearly  indi- 
cate that  its  position  and  function  is  that 
of  a  ground,  primary  to  sub-grounds  and  both 
operative  in  the  establishing  and  maintain- 
ing of  figure  saliency. 

It  is  notorious  that  "in  my  father's  house 
are  m.any  mansions;"  that  the  self  which 
operates  at  a  scientific  meeting;  playing 
with  children;  among  utter  strangers;  vvhere 
no  pressures  demand  that  we  play  a  part 
but  can  become  'real'  -  are  mtany  different 
selves.   The  'real'  one  even  miay  be  largelA^ 
a  function  of  one's  digestion,  recognition 
by  one's  peers,  the  state  of  personal 
finances,  fears,  ambitions,  etc,,   It  seems 
to  be  largely  a  matter  of  when,  where  and 
hovs'  we  look  at  the  concept  of  the  real  self 
as  to  what  kind  of  reality  we  get  or  can 
accept^   It  is  in  accord  with  the  trend  of 
these  papers  to  find  no  special  difficulty 
if  one  prefers  to  demand  the  introduction 
of  'the  self'  as  the  primary  agent  or  casis 
of  field  organization,  if  it  is  clearly 
understood  that  self  is  purely  an  abstrac- 
tion_,  a  mode  of  occui'ence  of  other  real 
things „   Its  essence  is  found  in  the  pat- 
terns of  activity  which  characterize  the 
one  locus  of  experiences  com:iion  to  them, 
all.   It  is  thus  not  unlikely  that  instead 
of  postulating  the  co-conscious,  the  sub- 
conscious, the  libido  and  the  several  psy- 
chiatric explainers  for  anomalous  percep- 
tual processes  we  m^ay  better  sim.ply  regard 
such  things  or  processes  in  terms  of  weak- 
ness, instability,  fluidity,  changing 
orientation  or  of  high  strength  and  sys-  ' 
tematization  -  in  a  word  of  differing  ae- 
gress  or  stages  of  developmental  field 
structuring. 

In  the  six  papers  since  January  of  this 
year  enough  has  been  written  to  show  that 
-i-Viere  need  be  no  distrust  of  the  soundness 
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of  the  underlying  principles  of  the  mecha- 
nism of  field  structuring.   Take  the  prin- 
ciples of  dom.inance,  isolation  and  gradient 
formation  for  example.   No  lining  proto- 
plasmic system  can  exist  for  long  and  inter- 
act V\'ith  its  surrounds  without  the  develop- 
ment of  many  physical  systems  within  systems. 
Let  me  repeat  again  that  emphasis  must  be 
continaully  upon  the  motor  components  (not 
the  sensory!  )  and  that  the  trend  of  the  m.ove- 
ment  continuum.,  the  whole  basis  of  organic 
structuring  is  toward  the  attainment  and 
maintenance  of  stable  equilibrium.. 

Let  us  look  for  a  moment  at  a  sim-ple  case  in 
seeing.   If  I  sit  in  front  of  my  house  my 
some  165°  of  angle  gives  me  an  expanse  of 
streets,  rovNfs  of  houses  all  different  under 
blue  sky  and  colorful  white  clouds  in  the 
late  afternoon  sunlight,   I  fixate  a  distant 
house,  a  gable  on  this  house,  a  window  with- 
in the  gable.   I  use  all  my  powers  and  strive 
to  hold  this  fixation  while  making  the  effort 
to  notice  and  report  the  oojects  and  shapes 
in  the  eccentric  field.   Peripheral  indis- 
tinctness and  uncertainty  begins  only  a  few 
degrees  from  the  sm.all  central  solid  form, 
angle.   I  am  suddenly  aware  that  the  center 
has  blurred  or  has  been  lost  if  any  part  of 
the  surrounds  is  seen  clearly  enough  to  des- 
cribe or  sketch  it  or  to  tell  how  many  panes 
in  a  window,  slats  in  a  garden  gate,  etc. 
There  is  certainly  no  forewarning,  no  sense 
of  innervation,  that  tells  me   that  when  I 
must  note  the  detail  of  a  chair  in  a  nei.gh- 
bor's  lawn  which  falls  in  the  left  nasal  and 
right  tem.poral  fields  the  iriere  self-imposed 
instruction  sets  up,  as  Purdy  has  so  ably 
described  it,  the  nov\/  t'wo  opposing  motor 
processes  to  fixate  two  places  at  once,  and 
the  result  is  disjunctive  seeing  mainly 
characterized  by  the  blurring  or  figural 
weakening  of  the  central  or  macular  forms. 
Much  blurring  at  the  far  point  can  be  anomia- 
lous,  not  as  a  reduction  of  "acuity"  but  as 
an  operational  im.pairm.-nt  of  ,f  if^ure-ground 
structuring.   Such  disjunctive  process  as 
described  above  presents  binocular  project- 
ion with  an  impossible  task  for  resolution 
as  depth  and  distance  (third  degree  fusion). 
Now  let  such  observation  be  made  by  a  man 
or  woman  with  low  rivalry  rate,  and  with 
even  a  moderate  phoria  or  anomalous  space 
projection  at  far,  and  if  he  has  created. 


from  what  Dr.  Skeffington  describes  as  pro- 
longed concentration  in  a  restricted  area 
at  near,  a  state  of  satiety  m  the  cortex 
'/■/hich  virtually  raises  the  competitive 
strength  of  the  periphery  to  figure  status, 
the  stage  is  set  for  disjunction  and  'poor 
distance  form  vision. '   This  is  probably 
vv'hat  is  either  often  wrongly  called  myopia 
or  what  should  be  designated  as  a  special 
sub-class  or  t^-pe  of  this  disorder. 

Halstead  has  recently  shown  quite  clearly 
that  in  anoxis  or  oxj^gen  starvation  the 
impairment  of  the  functions  of  the  periphery 
comes  early  and  with  it  a  disjunction  of 
Ouject  visual  discrimination,  which  for 
aviators,  workers  in  many  industries,  drivers 
etc.,  becomes  a  definite  hazard  to  safety. 
And  only  recently  there  has  come  to  my  desk 
an  abstract  of  a  paper  by  Vialter  rl,  Coleman, 
an  English  physiologist  printed  in  1920, 
in  V'/hich  he  shows  that  by  voluntary  creation 
of  states  of  apnoea  and  hjrperpnoea  (subven- 
tilation  and  superventilation  of  the  lungs') 
rivalry,  essential  to  stereopsis,  can  be 
abolished  or  restored.   In  one  experim.ent 
Coleman  showed  that  with  excess  oxygen 
"panoramic  after-images  alternate  between 
the  tem.poral  and  nasal  fields;"  with  sub- 
ventilation  of  the  lungs  "they  alternate 
between  the  two  eyes.''  If  the  upper  and 
lower  halves  of  the  retinas  are  excj-ted 
their  behavior  is  quite  different  from  that 
of  the  nasal  and  temporal  halves. 

In  a  previous  paper  in  this  series  it  was 
pointed  out  that  the  rate  of  rivalr.y  with 
simple  figures  can  be  materially  increased 
by  training.   It  has  recently  been  shown  by 
Dr.  Max  Daniel  and  also  in  the  laboratory 
here,  that  increase  in  rivalry  rate  is 
accompanied  by  increase  in  the  stereo- 
threshold.   Further  work  along  these  lines 
is  novvf  in  progress. 

At  the  recent  St,  Louis  conference  on  visual 
training  a  significant  reference  to  field 
structuring  or  figure-ground  organization 
appeared  in  several  of  the  reports  on  various 
studies.   More  will  be  heard  in  the  future, 
of  the  developments  in  the  control  of  this 
important  phuse  of  visual  diagnosis  and 
training:. 
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The  objective  of  this  paper  is  to  condense 
in  brief  compass  all  the  important  things 
said  in  the  eleven  papers  which  comprise 
Volume  5  of  this  series.   Such  a  task  on 
such  a  day  when  history  is  being  made,  at 
first  leaves  one  somewhat  cold.   But  history 
is  also  in  the  making  in  our  fields  of 
common  scientific  interests.   When  the 
summary  can  be  written  of  how  far  visual 
science  has  advanced  in  the  past  few  years 
it  will  be  seen  that  these  have  been  great 
years.   And  no  small  part  of  the  true  great- 
ness of  these  j^ears  will  be  marked  by  the 
advances  made  in  basic  theory.   It  is  only 
as  we  set  the  plot,  the  basis  of  organiza- 
tion of  our  activities  in  research  or  in 
■oractice,  that  we  move  forv^/ard  without  the 
subsequent  necessity  of  retracing  our  steps. 
It  is  doubtful  if  co  yriany  people  have  ever 
realized  so  clearly  the  true  importance  of 
fundamental  research  based  upon  sound  prin- 
ciples of  theory.   It  is  also  true  that  we 
have  probably  never  faced  a  time  when  so 
few  young  men  approached  the  threshold  of 
the  laboratory  or  the  professional  office 
with  the  kind  of  training  most  suited  to 
carry  forth  both  their  own  and  the  future 
advancement  of  science. 

It  therefore  seems  now  timely  that  last 
October  we  started  by  raising  the  very  im- 
portant questions:   What  is  science?  What 
are  its  processes?   Tools?   How  does  one 
division  of  science  differ  from  another? 

Science  sets  out  to  describe  the  things, 
processes  and  interrelations  amongst  them 
as  they  occur  in  nature.   It  does  these 
things  as  all  human  beings  must  --  with 
the  aid  of  sets  of  sense  organs,  central 
distributors  and  effectors,  together  with 
the  special  mechanical  devices  we  have 
contrived  throughout  the  ages  to  extend 
the  ranges  of  these  functions  and  thus  to 
miiltiply  the  number  of  statements  and  to 
reveal  the  interrelations  existent  among 
and  about  the  things  and  processes  m  nature, 
The  first  important  difference  between  the 
scientific  way  and  the  non-scientific  v\fay 
of  attacking  a  problem  lies  in  the  fact 


that  the  former  first  sets  up  a  set  of  post- 
ulates.  These  t.re  definitive.   They  set 
limits  to  problems  and  methods.   They  clear- 
ly define  the  boundaries  of  interest  and 
activity, 

i-sychological  Optics  secures  its  right  to 
existence  from  the  fact  that  it  postulates 
the  reality  of  emergent  functions,  unpre- 
dictable and  undescribable  within  the  scope 
of  the  postulational  limits  of  the  other 
divisions  of  science.   Seeing,  regarded  as 
a  total  function  and  not  a  mosaic  of  separ- 
ate part  processes,  has  attributes  and 
operational  manifestations  which  the  con- 
ventional concepts  of  physics,  physiology 
and  neurology  do  not  include.   Such  a  view 
does  not  ever  in  the  slightest  deny  the 
basic  reality  of  the  phj^sical  mechanisms  of 
seeing.   It  sim.ply  insists  that  we  must  go 
a  step  farther;  that  we  have  also  a  province 
of   phenomenal  or  exoeriental  reality  to 
deal  with,  one  whose  ultimate  im.portance 
to  us  is  very  great, 

Concretelj^,  the  size  of  any  visual  object 
is  not  covariant  with  changes  in  the  size 
of  the  retinal  patch  stimulated.   When  the 
patch  is  reduced  to  one-ninth  in  area,  for 
e;:vmple,  the  object  still  looks  about  one- 
fourth  as  large.   Prolonged  inspection  of 
a  curved  line  leaves  us  incapable  of  seeing 
a  straight  line  as  straight  in  certain 
regions  of  the  visual  field.   Contrast  effects 
nay  be  raade  to  go  with  or  against  the  rule 
or  to  be  completely  ablated.   These  are  de- 
scriptive and  interpretative  jobs  for  psy- 
chological optics.   Two  problems  alone  would 
supply  ample  justification  for  psychologic 
cal  optics  if  no  others  existed:   visual 
space,  and  the  transformations  in  functions 
consequent  to  learning  and  training. 

The  November  paper  followed  with  a  consider- 
ation of  the  problem  of  the  relations 'of 
form  and  function.   "Fiinction.  .  .  i- .  .  ,  the 
basic  set  of  forms  which  energy  takes  in  the 
never  ending  process  of  its  collection, 
storage,  dissipation  and  reconversion  which 
comprise  the  electrochemical  basis  from. 
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which  life  itself  originates,"  Form,  from 
one  point  of  view,  is  an  episode  in  func- 
tion.  The  structure  of  protoplasm  as 
colloidal  emulsions  was  considered  briefly 
and  the  earliest  beginnings  of  gradients  and 
of  formal  organization  in  living  single 
cells  was  pointed  out.   The  discovery  of 
the  cell  and  the  formulation  of  basic  prin- 
ciples of  structural  organization  in  living 
things  has  been  a  development  of  about  the 
past  three  quarters  of  a  century.   In  Dec- 
ember the  cell  as  an  intritsate  electro- 
chemical system  was  treated.   Both  internal 
and  external  changes  determine  behavior. 
Stimulation  upsets  an  equilibrium  state  and 
the  return  or  restoration  of  equilibrium 
constitutes  behavior. 

In  the  earliest  stages  of  cell  development 
the  local  changes  occasioned  by  energy  ad- 
sorption at  the  surface  is  the  beginning  of 
reactance.   Stimulation  itself  is  merely 
that  phase  of  the  total  motor  activity  which 
precedes  an  arbitrarily  defined  point  in 
space  or  time.   Polar  gradients  and  axial 
patterns  are  formed  consequent  to  the  es- 
tablishment of  regions  of  high  activity vor 
metabolism.   The  high  activity  end  is  dom- 
inant and  the  vjhole  cell  becomes  organized 
through  activity  into  a  definite  organic 
form  or  structure.   Arguments  were  present- 
ed showing  that  too  great  emphasis  on  the 
sensory  and  not  enough  attention  had  been 
given  to  the  motor  aspects  of  organic  life 
and  function  in  the  past,   ChiJ.d's  concept 
of  the  origin  of  the  nervous  system  "in 
protoplasmic  behavior"  was  introduced  and 
the  role  of  the  dominant  or  pace-setting 
region  was  pointed  out.   Blocks,  either 
organic  or  functional,  may  move  the  control 
from  the  higher  toward  the  lower  end  of  the 
gradient.   In  vision  the  implication  is 
clear,  although  unexpressed,  that  similar 
effects  may  be  observed  in  the  retino-cor- 
tical-effector  field,   Nass  action,  as  de- 
scribed by  Coghill,  Minkowski  and  others 
is  primary  and  out  of  it  is  differentiated 
the  later  specific  habit  patterns.   The 
basis  of  organization  in  organic  nature 
thus  demands  no  expletive  beyond  the  ob- 
jective observable  facts  of  behavior  m 
living  protoplasmic  systems,  "not  by  some 
capricious  'unfolding  from  within'  but  by 
the  active  interplay  of  forces  which  aggre- 
gate on  the  two  sides  of  the  plasma  mem- 
brane ,  " 

January  showed  that  hand  in  hand  with  domi- 


nance arises  the  concept  of  isolation.   My 
region  that  becomes  dominant  also  becomes 
relatively  independent  of  other  lower  lying 
regions.   Isolation  is  usually/  followed  by 
significant  behavior  changes.   Parts  isolated 
lose  their  characteristics  as  parts  and  tend  ■ 
to  approximate  the  condition  of  a  whole  new 
individual.   Vlhatever  decreases  dominance 
places  an  active  upsurge  upon  posterior 
regions  of  the  gradient  to  change  behavior 
and  form  in  the  apical  direction.   In  vis- 
ual field  structuring  this  fact  may  also  be 
seen  in  the  macula-periphery  relation,  the 
peripheral  blocking  of  macular  discrimination 
for  example, 

A  second  way  in  which  isolation  can  be  es- 
tablished was  pointed  out:   prolonged  and 
repeated  stimulation  of  a  subordinate  region 
may  develop  it  into  a  region  of  secondary 
dominance  and  thereby  achieve  as  m.uch  of  a 
relative  independence  as  local  conditions 
will  perm.it.   Such  a  principle  could  furnish 
another  basis  for  the  figural  after-effects 
described  by  Kohler  on  a  more  purely  biolo- 
gical basis  if  this  is  preferred  to  the 
purely  physical  theorj^  of  satiety  or  electro- 
tonus  reported  in  Kohler 's  monograph.   In 
review  it  is  suggested  that  even  though  a 
careful  reading  of  this  paper  was  given 
originally  a  more  careful  and  thoughtful  re-  . 
reading  may  not  be  amiss,  particularly  for   : 
those  who  have  first  hand  familiarity  with 
the  highly  important  paper  of  Kohler  mention- 
ed above.  : 

Next  (February)  development  was  defined  and 
distinguished  from  growth,  following  the 
arguments  of  P,  Weiss,  Speeman,  and  others, 
A  new  interpretation  or  mieaning  of  the  term 
for  psychological  optics  was  given  (p. 15). 
The  anisomorphic  distribution  of  energy  in 
a.  field  opened  the  whole  question  of  filed 
structuring,  which  became  the  topic  of 
papers  6  to  11,  pages  19  to  40. 

March  quoted  from  Purdy' s  papers  in  which 
if  non-homologous  retinal  areas  are  simul- 
taneously stimulated  a  tension  posture  is 
instigated.   Such  coagency  of  antagonistic 
extrinsics  may  block  or  transform  retinal 
or  other  excitation  processes. 

Every  per.;upiHial  taeory,  Kohler  believes, 
must  be  a  field"  theory.   Within  the  field 
those  portions  which  achieve  saliency  be- 
GO.'Tie  figural.   These  figures  or  shapes  have 
definite  boundaries  and  definite  properties 
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which  demark  them  from  the  sustaining 
grounds  from  which  they  emerge.   Part  of 
the  ground  derives  from  total  body  posture. 

Fields  may  be  greatly  complex,  containing 
many  sub-regions,  and  the  process  of  struc- 
turing may  result  in  a  pattern  of  no  great 
stability.   Part  of  the  paper  was  devoted 
to  show  how  the  field  concept  has  develop- 
ed in  biology  as  well  as  in  psychology. 
In  biology  a  field  may  be  merely  a  gradient 
produced  polar  axis  of  symmetry,  or  it  may 
be  the  formation  of  a  sub-regional  field 
such  as  a  limb  bud  or  even  a  whole  endocrine 
system.   In  all  instances  the  direction  of 
the  unifying  influence  is  "from  above,"  in 
contrast  to  the  view  of  tradition.   Fields 
are  real  things  although  they  cannot  be 
seen  under  the  microscope ^ 

In  the  April  paper  fields  were  defined  as 
"dispersions  or  distributions  of  energy 
in  space  forming  a  pattern  or  structure," 
Fields  not  only  influence  other  fields  but 
set  certain  controls  over  intermediate 
regions.   Changes  in  pattern  of  field 
structure  can  occur  suddenly.   This  may 
occur  just  as  does  phase  reversal  in  collo- 
dial  em.ulsion  systems  from  the  action  of 
the  interfacial  film  or  from  catalysis,, 
In  vision  the  reversal  of  perspective  in 
certain  types  of  'illusions'  is  probably  a 
similar  case  in  point.   External  reality 
may  "be  more  a  matter  of  inner  than  of  the 
outer  portions  of  the  field"  which  is  sim- 
ply another  way  of  saying  that  the  perceiver 
actively  structures  his  fields  of  phenomenal 
experience  and  is  not  the  mere  passive 
recipient  of  whatever  comes  to  him,   Weiss 
speaks  of  a  field  as  "the  condition  to  which 
a  living  system  owes  its  typical  organiza- 
tion and  its  specific  activities,"   He  lists 
a  half  dozen  properties  of  fields,  to  which 
list  the  writer  adds  three  m.ore: 

1,  Fields  originate  from  body  activities 
and  their  interrelations, 

2,  Fields  are  unities  and  not  mosaics, 

3,  They  tend  to  maintain  themselves.   The 
stable  equilibrium  is  a  field  pattern, 

4,  They  vary  in  three  dimensions  of  space 
and  are  often  multipolar.   Their  effects 
may  differ  in  opposite  senses  along  the 
sa?ie  polar  axes, 

5,  Fields  m&Y   change  in  size  without  al- 
tering relative  proportions, 

6,  Splitting  and  fusion  may  occur  with 
accompanying  changes  of  influence  depend- 
ing upon  spatial  and  temporal  relations 


of  the  final  total  pattern, 

7,  Fields  have  a  fourth  dimension  --  timie 
— ■  in  which  regular  and  systema.tic 
changes  take  place, 

8,  Active  energy  change  is  a  basic  character 
of  any  field.   Grouping  produces  eiriergent 
effects  conforming  to  long  section  tem- 
poral field  structures.   Language,  mem- 
orial functions  of  symbolism  and. other 
perceptual  elaborations  are  the  agents 
for  m.aintaining  the  plot  or  plan  of 
organi  zation-, 

9,  Stimulation  and  response  are  both  agents 
of  field  organization  which  determine 
the  amount,  rate,  and  limits  of  visual 
functions.   The  field  structure  is  the 
primary  thing. 

Field  theory  is  not  limited  to  any  one  or 
two  divisions  of  science. 

In  mathematics  the  development  of  group 
theory  is  further  evidence  of  the  univer- 
sality of  the  principle^ 

In  May  we  pointed  out  that  the  basis  of  dis- 
junctive seeing  lies  in  the  active  compe- 
tition of  two  active  antagonistic  regions 
(Purdy)  and  that  the  acquisition  of  percep- 
tual skill  in  seeing  follows  that  same  pat- 
tern as  it  does  in  a  manipulatory  skilly 
Some  of  the  characteristics  of  the  figural 
process  were  described  and  attention  was 
called  to  the  importance  of  regarding  the 
prodromal  set,  the  impression,  and  all  the 
chain  of  subsequent  events  as  essential 
portions  of  the  single  and  unitary  process 
in  perception. 

In  June  it  was  shown  that  the  building  of 
visual  space  is  fundamental  to  most  other 
forms  of  visual  skills ^   Simple  position  is 
an  early  and  essential  element  in  develop- 
ing by  tachistoscopic  m.ethods  the  accurate 
perception  of  unitary  forms,   A  skill  was 
defined  as  "the  reorganization  of  the 
cortical-motor  consequences  of  the  excitation 
pattern,  "  the  last  two  words  of  coiirse  in- 
cluding those  determinants  of  mnemic  char- 
acter which  form  a  portion  of  the  essential 
ground  for  the  process.   The  first  part  of 
the  paper  was  devoted  to  an  inquiry  into 
the  further  role  of  impression  and  to  the 
difference  between  the  role  of  the  sense 
organ  and  the  receptor. 

Stress  was  placed  upon  the  no n- visual  sup- 
ports of  the  visual  processes  in  the  hope 

that  some  critical  thinking  might  follow 
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regarding  the  methods,  instruments  and  in- 
terpretations used  in  the  measurement  of  bi- 
novoular  depth  and  distance,  stereopsis, 
phor^as,  etc-,   July  reported  that  "the  trend 
of  all  motor  processes  is  toward  equilibrium 
and  of  all  sensory  processes  in  the  opposite 
direction-."   The  key  to  meanings  lies  i.n 
the  executant  movements  and  the  perception 
of  the  consequences  of  these  movements. 
Unity  and  continuity  are  the  chief  attri- 
butes of  the  perceptual  process.   It  is 
forward  looking  and  anticipatory,-   It  seeks 
constantly  to  restore  equilibrium  by  the 
degrading  of  the  sensory  disturber,.   Normal 
vision  is  only  definable  in  terms  of  opera- 
tional adjustment  v^fhen  equilibrium  is  upset., 
Perceptual  processes  begin  as  v^rholes,  masses, 
undifferentiated  regions^   Segregatior 
appears  in  the  second  stage  and  relations 
are  noted  of  parts  to  parts  and  of  parts  to 
the  whole.   Thirdly  structuring  proceeds 
and  as  skill  is  attained  recession  begins. 
The  purely  visual  processes  are  replaced  by 
raator  sets„   In  such  developmental  series 
is  to  be  found  certainly  some  of  the  m^ain 
differences  between  the  refractive  or  pure- 


' 


1 


ly  optical  and  the  phenomenal  visual  status 
of  a  person,:   In  August  we  closed  the 
series  with  the  notation  that  in  psychol- 
ogicaJ  optics  there  are  many  spaces,  the 
coiumon  ground  for  whose  unification  Stern 
regards  as  the  self,  a  sort  of  shorthand  way 
of  designating  the  aggregate  of  one's  whole 
organic  field.   The  "trend  of  the  movement 
continuum,  the  whole 'basis  of  organic  struc- 
turing is  toward  the  attainment  and  main- 
tenance of  stable  equilibrium-,"   One  should 
add  that  such  a  state  is  dynamic  rather 
tcian  static  for  it  is,  to  quote  Shakespeare, 
"in  form  and  movement"  that  man  is  so 
"express  and  admirable,," 


If  this  1945  seri 
in  your  thinking 
soundness  and  uni 
of  science  of  the 
structure,  organi 
that  the  chief  de 
are  orderly  and  v; 
made  some  pi'ogres 
for  us  to  go  the 


es  had  laid  a  foundation 
to  show  the  essential 
ty  in  all  the  divisions 

important  principles  of 
zation,  individuation  and 
terminants  of  development 
ork  "from  above,"  we  have 
s.  It  will  now  be  easier 
next  step  in  1945-46, 
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This  is  a  report  of  findings  of  a  year's 
study  of  the  influence  of  three  twenty- 
minute  tachistoscopic  training  sessions 
weekly  from  September,  1944  to  June,  1945, 
given  to  approximately  one  hixndred  first 
grade  children  in  the  schools  of  the  city 
of  Gary,  Indiana,   These  experimental  chil- 
dren comprised  three  classes  from  three 
schools  selected  to  represent  high,  medium 
and  low  socio-economics  levels.   Three  con- 
trol groups  from  comparable  schools  received 
the  same  scholastic  experiences  throughout 
the  year,  except  the  control  children  re- 
ceived no  tachistoscopic  training.   Stan- 
dard tests  of  accomplishment  of  several 
different  types  were  given  at  the  begin- 
ning, at  the  middle  and  at  the  end  of  the 
school  year.   The  object  of  this  report  is 
to  present  the  results  of  the  year's  study 
and  to  show  the  extent  of  the  influence  of 
training  children  to  see  and  reproduce  vis- 
ual forms  upon  the  rate  and  amount  of 
learning  to  read,  to  deal  with  numbers, 
etc.  in  the  first  school  grade. 

It  is  a  pleasure  to  credit  here  those  who 
made  the  study  possible;   Superintendent 
Charles  D.  Lutz  of  the  Gary  Schools  was  most 
helpful  and  cooperative:   Miss  Maryalice 
Quick  a  specialist  in  the  Child  Welfare  De- 
partment of  the  Gary  schools,  personally  con- 
ducted all  the  training  sessions,  did  much 
of  the  planning  of  the  content  and  form  of 
the  training  sessions,  and  was  largely  re- 
sponsible for  the  careful  testing  and  tabu- 
lating of  results  for  all  the  experimental 
and  control  children.   To  Miss  Quick,  more 
than  to  any  other  person,  belongs  the  credit 
for  the  carrying  out  of  the  program  accord- 
ing to  plan.   Our  obligation  to  Miss  Jones ^ 
of  the  Gary  Bureau  of  Tests  and  Measurements 
is  great.   She  and  her  staff  did  a  fine  job 
of  testing,   Drs,  E.  B,  Alexander  and  A,  M, 
Skeffington  of  the  Optometric  Extension 
Program  and  the  Graduate  Clinic  Foundation, 
supplied  the  funds  needed  to  defray  the 
major  expenses.   The  Three  Dimension  Company 
of  Chicago  loaned  the  equipment  -  tachisto- 
scopes,  screen  and  slides, 
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The  superintendent,  principals  and  teachers 
of  the  Gary  Schools  were  sympathetic,  cooper- 
ative and  helpful  in  full  measure. 

So  far  as  is  ascertainable  this  experiment 
represents  the  first  time  whole  groups  of 
unselected  primary  public  school  children 
have,  during  the  first  school  year,  been 
given  tachistoscopic  form  training  three 
times  weekly  for  a  total  of  106  training 
and  testing  sessions. 

Let  it  be  entered  in  the  record  here  and 
now  that  the  evidence  to  be  presented  in 
the  tables  and  graphs  to  follow  and  the 
demonstrations  made  by  the  trained  children 
before  school  officials,  teachers,  and 
parents  in  Gary,  is  clear  and  unambiguous: 
children  who  have  had  adequate  tachisto- 
scopic training  in  the  first  grade  read 
more  fluently  and  understandingly,  show 
distinctly  greater  skill  in  numbers  work, 
exhibit  a  greater  range,  quickness  and 
accuracy  in  general  observational  noting, 
in  art  worky  etc.,  than  children  of  equal 
native  ability,  under  teachers  of  equal 
competency  in  the  same  curriculum^,  who  have 
not  had  this  form  of  visual  perceptual 
training. 

Such  a  generalization  can  be  further  support - 
edo   Four  other  similar  experiments  were 
made  during  the  past  year.;   one  at  Texas 
City,  Texas  by  Dr.  Fannie  He  Melcer  and  Miss 
Barbara  Brown  with  first-grade  bilingual 
Mexican  -  American  children;  one  at  National 
College,  in  Chicago,  by  Dr.  Vivian  Ilg;  and 
one  in  Bexley,  a  surburb  of  Columbus  by 
Dr.  Josephine  MacLatchy;  one  by  Dr^  Fred 
Bay,  in  the  schools  of  Dover,  Ohio,   All 
confirm  and  agree  with  the  findings  of  the 
Gary  study. 

When  an  average  child  at  age  six  enters 
school  his  sensory-cerebro-motor  mechanisms 
are  read  to  begin  the  acquisition  of  the 
many  habits  he  must  have  to  live  in  our 
culture,   Kis  language  development  is  limit- 
ed.  His  world  of  space,  time,  motion,  form. 
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size,  position,  distance,  etc.,  is  nothing 
like  that  which  you  and  I  experience  as 
adults.   These  skills  he  must  acquire. 
Small  wonder  that,  for  him,  2  and  5,  3  and 
8,  7  and  9;  b,  d,  p  and  q  are  confused, 
confusing  and  ambiguous.   He  must  learn  to 
see  forms;  to  localize  or  project  the  iso- 
morphic processes  in  his  nervous  system 
to  precise  spatial  positions  out  there;  he 
must  aggregate  parts  into  wholes  and  segre- 
gate parts  from  wholes. 

It  is  fairly  well  agreed  that  perception  is 
a  process  of  field  organization  or  struc- 
turing -  "seeing  things  together"  -  which 
begins  with  masses,  totalities,  unities  and 
proceeds  later  on  to  specific  differentia- 
tions , 

It  is  also  true  that  when  seeing  is  dis- 
junctive, when  separate  and  successive  fixa- 
tions break  up  the  unity  into  a  set  of  dis- 
crete parts,  the  registration  and  subsequent 
recall  of  what  was  seen  will  be  disjoined, 
and  errors  of  what,  wher.Q.,  and  when  are  the 
rule;  accuracy  or  true  isomorphism  is  the 
exception.   The  short  exposure  of  a  visual 
form  is  one  means  of  enforcing  the  seeing 
of  forms  as  wholes  or  unities.   But  the 
short  exposure  alone  is  not  enough.   It  must 
be  given  as  the  first  term  in  a  series  of 
active  events  consummated  by  the  perceiver 
himself.   He  must  be  trained  to  grasp  the 
total  impression  and  to  fix  it  in  retention 
by  the  immediate  motor  consummation  of 
speaking,  writing,  drawing,  mimicing  or 
other  form  of  manipulatory  response.   Mean- 
ings are  always  kinaesthetic.   They  derive, 
not  from  the  sensory  attributes  of  the 
stimulus,  but  from  the  behavior  vectors 
which  follow  upon  and  subsequently  trans- 
form the  stimulus. 

Can  six  year  children  be  trained  to  perceive 
visual  forms  in  conformity  with  the  best 
and  soundest  of  modern  psychological  theory? 
What  limits  can  be  attained  in  perceptual 
skill  from  three  training  sessions  weekly 
for  a  scholastic  year?  What  demonstrable 
effects  will  this  training  have? 

Let  us  bear  in  mind  that  when  school  opened 
in  the  first  week  of  September,  1944,  in 
Gary,  few  if  any  of  the  113  experimental  and 
119  control  six  year  olds  could  name  and 
identify  the  digits  or  the  letters  of  the 
alphabet;  nor  could  they  write  them,  even 


to  copy  a  figure  _8_  or  the  letter  G  was  a 
laborious,  difficult  or  almost  impossible 
task.   It  is  a  fair  statement  that  the 
children,  their  teachers  and  Miss  Quick  set 
forth  upon  the  years  enterprise  'from  scratch 
In  the  first  year  the  average  child  is  ex- 
pected to  show  a  certain  attainment  of  skill 
in  simple  operations  with  n\xmbers,  he  forms 
letters  and  numbers  on  paper  or  blackboard, 
he  reads  from  books  carefully  suited  to  the 
stage  of  his  language  developments   To  do 
these  things  he  must  see  shapes  rapidly  and 
accurately.   If  he  reads  "words,  words, 
words"  his  understanding  portends  "an  in- 
finite deal  of  nothingness,"  He  must  group, 
structure,  organize  into  larger  and  larger 
perceptual  unities.   The  logical  order  is 
letters,  syllables,  words,  phrases,  sentences 
paragraphs,  sections,  chapters,  and  beyond. 
But  the  theory  we  seek  to  test  holds  that 
the  true,  natural  developmental  order  in 
perception  is  the  reverse,  and  that  tachis- 
toscopic training  of  the  proper  sort  will 
miake  achievement  greater,  imbue  him  with  the 
feeling  of  mastery  or  aesthetic  gratifica- 
tion which  accompanies  the  growth  of  com- 
petency and  set  the  course  of  sound  mental 
habits  which,  if  continued  in  subsequent 
grades,  may  prevent  the  waste  of  failures 
or  indifferent  achievement. 

Of  particular  interest,  too,  to  many  of  us, 
is  the  fact  that  sharp,  alert,  visualizing 
of  forms  at  far  point  should  be  a  whole- 
some and  hygenic  and  natural  exercise  for 
the  forming  patterns  of  visual  skills  at 
age  six.   How  many  more  of  the  113  ex- 
perimental than  of  the  119  control  children 
in  June  1945  had  built  a  solid  defense 
against  spatial  and  formal  anisotropy, 
against  the  beginnings  of  progressive  or 
school  myopia?   Our  original  experimental 
design  included  at  least  three  visual 
skills  checks.   It  is  regretted  that  we 
have  no  data  on  these  very  important  ques- 
tions, due  to  circumstances  over  which  we 
had  no  control.   So  this  report  deals 
singly  with  tachistoscopic  training.   Barring 
sampling  errors  and  assuming  equal  or  near 
equal  distribution  of  ability  to  learn  in 
the  experimental  and  control  children,  and 
assuming  that  goodness  of  teaching,  and 
other  such  factors  were  approximately  equal, 
we  may  conclude  that  we  may  attribute  to 
our  training  differences  in  achievement, 
shown  Idj   standard  tests,  judgments  of 
teachers,  parents  and  trained  observers. 
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vihich  show  the  experimental  children  su- 
perior to  the  controlSa 

Here  it  is  customary  to  establish  the  proof 
of  causation  of  the  difference  due  to 
tachistoscopic  training  and  to  no  other 
agent  or  factor  by  certain  clever  statis- 
tical devices.   How  much  superior  in  num- 
bers work  or  in  reading  skill  must  an  ex- 
perimental group  be  so  that  we  may  be  vir- 
tually certain  of  the  causal  linkage?   A 
difference  divided  by  its  own  root  mean 
square  error  gives  a  quotient  which,  if  cer- 
tain stipulations  are  true,  can  be  expressed 
in  terms  of  the  probability  coefficient  of 
the  questioned  causal  or  associative  rela- 
tion.  This  is  one  of  several  possible 
approaches  to  the  problem.   Still  another 
is  to  regard  the  test  score  evidence  as  a 
not-too-true  picture  of  the  very  complex 
perceptual  functions  of  each  individual 
child,  to  hesitate  at  too  much  pooling  of 
the  naturally  non-homogenous  class  groups; 


to  regard  the  qualitative  and  observational 
evidence  of  child  performance  as  valid  in 
their  own  right  and  hence  at  whatever  risk 
it  entials  to  assume  that  any  differential 
gain  in  skill  is  a  true  gain  in  skill.   All 
the  years  data  are  at  hand  -  a  sm.all  moun- 
tain of  papers  -  and  is  available  for  any 
form  of  serious  analysis  and  study  different 
from  what  follows*   Let  us  look  at  the 
record. 

Table  I  gives  the  distribution  of  the  in- 
telligence quotients  of  the  children  at  the 
beginning  of  the  year.   The  Edison,  Horace 
riann  and  Froebel-G  first  grades  were  select- 
ed as  experimental  and  the  Ambridge,  Jeffer- 
son and  Froebel-B  classes  as  control  groups. 

In  ability  or  intelligence  the  averages  and 
ranges  of  Edison  and  Ambridge,  of  Horace 
Mann  and  Jefferson  and  of  the  two  Froebel 
groups  are  closely  similar. 


Table  1 


DISTRIBUTION  OF  IQ'S 


School ; 


Froebel-B 


Number  of  Children  in  each  range 


130-139 

1  '  ■ 

1      ■     ■ 

0 

0 

0 

0 

120-129 

2 

1 

0              -    . 

2 

0 

1 

110-119 

8 

■      1 

■    0 

8 

7 

1 

100-109 

10 

8 

2 

11 

3 

0 

90-   99 

8 

13 

6 

14 

9 

6 

80-    89 

5 

12 

9 

7 

16 

11 

70-   79 

1 

.6 

13 

0 

5 

12 

60-    69 

0 

0 

6 

1 

1 

4 

35 

42 

36 

43 

41 

35 

Average 

102.8 

93.0 

80.0 

100.0 

92.0 

82,5 

iq 

It  may  help  to  recall  that  IQ's  of  90-110 
are  regarded  as  normal  or  average,  110-120 
superior,  120-140  very  superior,  and  over 
140  genius  or  near-genius,   80-90  is  classed 
as  dull;  70-80  border-line  deficiency  "some- 
times classifiable  as  dullness,  often  as 
feeblemindedness,"  and  below  70  "definite 
feeble-mindedness, "   (Terman.)   The  poorest 


1%  of  children  test  70  or  below;  poorest 
5%   test  78;  10^,  85;  20/^,  91.   The  top  1% 
reach  130  or  above;  5%,    122;  10:%,  116; 
20  j$,  110. 

Later  we  shall  return  to  this  table  when  we 
examine  achievements.   The  Froebel-G  and 
B  groups  may  be  compared*   The  Edison  and 
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Horace  Mann,  and  the  Ambridge  and  Jefferson 
groups  may  similarly  be  compared,  as  ex- 
perimental and  control  groups.   Note  that 
the  ranges  in  each  class  cover  the  gamut 
from  the  top  1%   or  2%   to  the  poorest  1% 
or  2%,    with  the  exception  of  the  Froebel 
groups  where  but  16  of  the  71  children  rate 
above  IQ  90;  and  35  of  the  71  stand  at  80 
or  lower. 

From  the  point  of  view  of  the  range  of 
children  we  were  fortunate «   We  had  33 
children  of  IQ,  110  or  better  and  8  better 
than  120«   Of  these  8  it  can  be  said  that 
they  are  equaled  or  excelled  by  about  3 
out  of  100  children, 

Gary  is  a  city  whose  population  is  said  to 
comprise  some  56  nationalities.   In  many 
homes  little  or  no  English  is  spoken^   In 
others^  the  purest  Back-Bay  Bostoniana   The 
Gary  schools  have  been  famous  for  many  years 
for  superior  educational  productivity  with 
children  of  cosmopolitan  composition  to  be 
found  in  few  American  cities. 

A  variety  of  tests  were  given  to  all  ex- 
perimental and  control  children  in  Septem- 
ber, January  and  June^   Among  these  were 
the  Metropolitan  Achievement,  Gates  Primary 
Reading,  Gray  Oral  Reading,  Lee-Clark 
Reading,  and  the  Pintner-Cuningham  Mental 
Test.   At  mid-year,  as  could  be  anticipated, 
development  of  skill  and  achievement  had 
not  progressed  far  enough  to  make  any  sig- 
nificant differences  in  the  test  scores  of 
the  experimental  and  the  control  children^ 
Consequently  we  shall  limit  our  exhibit  of 
comparative  findings  to  the  results  at  the 
end  of  the  year. 

Figure  1  (attached)  shows  the  achievement 


of  the  Edison  (experimental)  and  Ambridge 
and  Jefferson  (Control)  group  in  Average 
Arithmetic,   The  mental  abilities  of  the 
three  groups  are  about  equal »   Teaching  in 
the  Ambridge  group  is  rated  as  superior 
and  in  the  Edison  and  Jefferson  groups  as 
average.   The  marked  superiority  of  the 
experimental  group  (Edison)  in  Arithmetic 
is  obvious.   This  figure  is  read  as  follows: 
The  top  fifth  of  Edison  children  averages 
3.2  grades  at  the  end  of  the  first  grade, 
the  standard  being  1.9  grades.   The  second 
fifth  averages  3.1  grades,  the  middle  fifth 

3.0  grades,  etc„   80^  of  the  Edison  child- 
ren average  3.0  grades  in  Arithmetic  or 

1.1  grades  above  the  standard.   The  top 
80^  of  Jefferson  (control)  children  average 
2,5  grades  or  0.6  grade  above  the  standard. 
The  difference  in  favor  of  the  tachisto- 
scopically  trained  children  is  a  half-year 
of  Arithmetic  achievement.   The  Edison 
superiority  over  the  Ambridge  averages  0.4 
of  a  school  grade. 

Figure  2,  (attached)  presents  the  comparison 
of  Total  Achievement  in  terms  of  the 
Metropolitan  Test  scoreso   Note  again  the 
superiority  of  the  Edison  over  the  Jefferson 
group  and  also  significantly  that  although 
the  Ambridge  group  received  the  best  first 
grade  teaching  in  the  city,  the  comparative 
standing  of  the  Edison  and  Ambridge  group 
must  be  regarded  as  equal  from  the  lowest 
to  the  highest  fifths  of  the  groups.   From 
such  findings,  it  could  be  argued  that 
tachistoscopic  training  can  compensate  for 
the  difference  between  average  and  superior 
teaching,  other  factors  being  equal.   Such 
tentative  hypothesis,  of  course,  needs 
further  testing  and  verification. 
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,  .■  Table  2 


METROPOLITAN  ACHIEVEMENT  TEST 


School 

Edison 

H.    Mann 

Froebel-G 

Ambridge 

Jefferson 

Froebel-B 

n   =    30 

n   -    33 

n   =   27 

n   -    36 

n   -    36 

n   -    26 

Experiment; 

a.1    Groups 

Cont 

rol    Groups 

es 

Average   Read 

ing 

Quint il 

• 

(1) 

2.88 

2.60 

2.60 

2.90 

2.66 

2,55 

(2) 

2.58 

2,18 

2.25 

2.70 

2.10 

2.14 

(3) 

2.20      . 

1.83 

1.86 

2.56 

1.90 

1.80 

(4) 

1.90      ■ 

■  1.50 

1.54 

2.24 

1.46 

1.30 

(5) 

1.60 

1.30 

1.18 

1.90 

1.20 

1,20 

es 

- 

Average    Arithmetic 

Quint il 

^^} 

3.20 

2.70 

2.83 

3.01 

3.00 

2o80 

(2) 

3.06 

2.30 

2.63 

2.80 

2o64 

2.54 

(3) 

2<,98 

1.85 

2.26 

2.60 

2o40 

2a6 

(4) 

2„70 

1.73 

1.90 

2.37 

2,00 

•    1,90 

(5) 

2.30 

1.50 

1.46 

2.25 

1,63 

1.48 

3S 

• 

Total   Achieve 

ment 

Quintil 

"ID 

2.90 

2.63 

2.66 

2.90 

2,70 

2.60 

(2) 

2.66 

2,20 

2.33 

20^0 

2o25 

2„24 

(3) 

2,45 

1.90 

1.98 

2.55 

2.10 

1.90 

(4) 

2.15 

1.60 

1.66 

2.30 

1„60 

1.70 

(5) 

1.83 

1.40 

1.26 

1.90 

1.30 

1.36 

Table  2  gives  the  quintile  averages  for 
Average  Reading,  Arithmetic  and  Total 
Achievement  on  the  Metropolitan  Test  given 
in  June,  1945.   Of  particular  interest  in 
this  table  is  the  comparison  of  the  two 
Froebel  groups.   Note  that  in  spite  of  low 
ability  Q0%   of  both  groups  are  at  or  above 
the  grade  standard  in  Arithmetic,   Tachis- 
toscopic  training  does  not  produce  the 
same  difference  between  the  experimental 
and  control  groups  with  children  of  lower 
mental  level  (see  Table  l).   The  poorest 
showing  of  the  Froebel  group  is  in  Reading, 
the  top  40%  of  both  groups  being  above  the 
grade  standard  of  1.9  but  comparing  sur- 
prisingly well  with  the  Horace  Mann  experi- 
mental children.   In  general,  from  the 
results  of  this  test,  one  must  conclude 
that  tachistoscopic  training  with  children 
of  I.Q,  level  80  is  relatively  unproductive, 
The  problem  of  securing  and  holding  atten- 


tion during  the  exposures  may  hold  part  of 
the  answer  to  this  questiono   Some  light  on 
the  question  may  be  seen  from  the  comparison 
of  the  Edison  and  Horace  Mann  experimtental 
groups.   The  Horace  Mann  discipline  was 
poor.   Compare  the  Arithmetic,  for  example, 
of  Edison,  Jefferson  and  Horace  Mann  and 
in  spite  of  equal  abilities  the  achievement 
differences  are  marked. 

Figure  3  (attached)  presents  graphically 
the  scores  on  Average  Reading,   Again  Edison 
shows  marked  superiority  over  its  control, 
Jefferson;  and  the  top  40%  of  Edison  is 
about  equal  to  ^tobridge,  where  in  all  proba- 
bility teaching  differences  acco^ont  for  the 
Ambridge  superiority  of  the  three  bottom 
quintiles. 

Figure  4  (attached)  shows  Word  Recognition 
Gates  Test  scores.   Here  the  superiority 
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of  the  Ambridge  group  is  marked  with  Sdison 
not  much  superior  to  its  control,  Jefferson» 
We  should  expect  just  this  sort  of  finding. 
The  whole  purpose  of  tachistoscopic  train- 
ing is  toward  large  perceptual  unities, 
toward  coherent  rather  than  disjunctive 
seeing.   Look  now  at  Figure  5  (attached), 
which  shows  Sentence  Reading.   Twice  as 
many  Edison  children  are  at  or  above  the 


grade  standard  as  Jefferson,   Ambridge 
again  is  better  than  Edison  except  in  the 
top  fifth.   In  Figure  6  (attached)  we  see 
Paragraph  Reading,   Here  the  Edison  child- 
ren are  distinctly  superior  to  Jefferson 
and  equal  in  the  top  40/^  and  only  slightly 
inferior  to  Ambridge  throughout  the  remain- 
der of  the  range.   We  should  expect  just 
this. 


Table  3 


GATES   PRIMARY  READING  TEST 


School 


Edison 


H.    Mann     Froebel-G        Ambridge Jefferson  Froebel-B 


n   =   34                 n   -    35        n   -    32 
Experimental    Groups 


n  =  36      n  =  39 

Control  Grou-QS 


n  =  30 


Word  Recognition 


Quintiles 

(1) 

3.06 

2,74 

2,58 

3,20 

2.88 

2.62 

(2) 

2,50 

2.04 

2.11 

3.10 

2.38 

2,08 

(3) 

2,21 

1,96 

1.75 

2,47 

1,91 

1.83 

(4) 

2.05 

1,43 

1.45 

2.27 

1.41 

1.58 

(5) 

1.51 

1.04 

1.25 

2.02 

1.24 

1.26 

Sentence 

Rea 

ding 

Quintiles 

(1) 

3.02 

2,49 

2.65 

2.98 

2,50 

2.34 

(2) 

2.25 

2.17 

2,15 

2.70 

1.96 

1.85 

(3) 

1.95 

1.70 

1.57 

2.57 

1.63 

1.57 

(4) 

1.88 

1.51 

1.55 

2.45 

1.53 

1.50 

(5) 

1,48 

1.39 

1.38 

2.12 

1.41 

1.07 

3,50 

2.60 

Paragra 

ph 

Re; 

iding 

2.79 

Quintiles 

(l) 

2.94 

3.45 

2.82 

(2) 

2.77 

2.11 

2.31 

2.95 

2.22 

2.21 

(3) 

2,40 

1.90 

1.93 

2.85 

2.00 

1.90 

(4) 

2.10 

1.72 

1.58 

2.35 

1.70 

1.67 

(5) 

1.69 

1.51 

1.49 

2.01 

1.49 

1.43 

Table  3  gives  the  quintile  averages  on  the 
Gates  Test,   Figure  7  (attached)  presents 
the  results  of  the  Gray  Oral  Reading  Test 
for  Paragraph  Reading.   Note  the  similarity 
of  general  form  of  the  distributions  to  the 
Gates  Test  on  paragraphs.   Here  only  the 
upper  half  of  each  group  shows  achievement 
beyond  the  grade  standard  with  Edison  and 
Ambridge  clearly  superior  to  the  control 
group  at  Jefferson.   Figures  such  as  these 


do  not  tell  the  story  as  we  should  like. 
For  example,  a  comment  by  the  classroom 
teacher  at  Edison,  from  the  entry  in  her 
notebook  on  June  15: 

"This  group  of  children  are  the  most  inter- 
esting group  I  have  had  in  Gary.   They  have 
so  much  to  contribute.   They  are  so  eager 
to  learn.   They  are  independent  workers. 
The  children  never  tire  of  reading.   Some 
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of  them  would  read  all  day, 

"This  training  has  helped  them  in  many  ways, 
It  has  improved  their  comprehension  and 
taught  them  to  really  see.   They  are  more 
advanced  in  all  phases  of  number  work. 


i"This  training  has  really  done  something 
jfor  these  children.  They  read  with  more 
fluency  and  meaning," 


Many  teachers  and  principals  have  observ- 
ed that  the  trained  children  work  better. 
For  example,  the  Head  of  the  Gary  Testing 
Department  commented  on  June  5i   "Some 
people  think  first  graders  do  not  know  how 
to  work.   I  would  like  to  send  them  out  to 
visit  (the  Edison  Group),   You  should  be 
proud  of  your  work  this  year^   They  respond 
so  well  and  I  saw  no  cheating.   They  work 
the  best  of  any  group  in  Gary," 


There  is  a  conviction  in  the  minds  of  all 
of  us  who  observed  these  children  that  the 
main  values  of  the  tachistoscopic  training 
will  show  themselves  more  for  the  trained 
children  in  the  second  and  third  grades 
and  beyond.   Art  teachers  in  both  Gary  and 
Bexley  report  that  trained  children  see, 
with  a  marked  superiority  over  the  untrained. 
Of  course  much  more  experimentation  needs 
to  be  done  in  the  early  grades.   It  is  m.y 
conviction  that  tachistoscopic  training, 
properly  given  in_the  first  three  grades, 
will  become  in  a  few  years  a  m.ost  signifi- 
cant and  important  development  in  elementary 
education. 

Finally,  let  us  look  at  the  amount  of  tachis- 
toscopic skill  gained  by  our  trained  children 
in  the  first  school  year  and  compare  it  with 
the  controls,. 


Table  4  -  r --  •  •■ 

FORM  PERCEPTION   TEST   RESULTS 
■■       January   23-26,    1945 


School 


Edison 


H,  Mann 


Froebel-G 


Ambridge    Jefferson    Froebel- 


n  =  32    n  -  32     n  =  30 

Experimental  Groups 


n  =  34      n  =  31 

Contro 1  Groups 


n  =  34 


Percentage  Correct 


Percentage  Correct 


Numbers 

3  digits 

4  digits 


39.5 
2,05 


26 
3,12 


22.2 
0 


21.5 
1.96 


6,45 
2.14 


20*5 
0 


Words 

3  letters 

4  letters 

5  letters 


51.6 

4.8 

35.4 


62.8 
3.2 


45.5 

>  ■■  0 

•'    6.5 


32.8 
1.9 
0 


17.06 

1.47 
'  0 


10.6 
0 
0 


Table  4  shows  that  in  January  there  is  a 
marked  superiority  of  the  trained  chil- 


dren on  both  digits  and  words 
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-e  5    •                                      1 

FORM  PERCEPTION  TEST  RESULTS       .                          ;| 

May-June 

>,  1945                       ..  '  ■ 

School    Edison    H.  Mann    Froebel-G 

Ambridge    Jefferson    Froebel-B 

n  =  23    n  =  24     n  =  26 

n  =  30      n  =  21       n  =  20   .  ■ 

Experimental  Groups 

Control  Groups 

Percentage  Correct 

Percentage  Correct 

Numbers 

A 

3  digits 

55.22    50         28 

24,3        15.4         17.5                 ! 

4  digits 

16.3     11.7        3,7 

2.3    .     0           3.3 

5  digits 

.816    0   •       0 

0           0                   ■         0 

6  digits 

0        0          0 

0  .         0           0 

7  digits 

0        0          0 

0       ■  0          0   •..    " 

Words 

3  letters 

55       43         31 

28          19   .   .       3 

4  letters 

17       12      •   11 

8.4         3        ■'         Z 

5  letters 

5        7          4 

1.1          ,03  ■   ■     .8    ■ 

6  letters 

2        1          2 

.870       0           1 

Phrases 

5  letters 

16.1      9          8.6 

10.8         2.6          0 

6  letters 

20.4     14,6       16.6 

10.8         1.8          7,7  ■ 

7  letters 

12.1      3,9        6.04 

13.5         2.7           .96    •   .         : 

8  letters 

16.1     16.6       12,7 

12.6         1.8          1.27 

Table  5  shows  the  results  at  the  end  of 

Adding  l/4  to  l/S  a  year  of  achievement  or 

the  year.   Trained  children  correctly  re- 

more is  certainly  worth  while  from  any 

produce  about  half  of  the  3  digit  and  3 

viewpoint,                  ■    .      • 

letter  words  and  about  l/6  of  the  fours. 

Fives  and  sixes  are  too  difficult  for  them. 

Finally  it  should  be  noted  that  this  first 

year's  work  was  wholly  experimental.  Mate- ■ 

Obviously  the  expansion  of  grouping  and 

rials  and  methods  were  not  perfect.   The 

real  tachistoscopic  skill  lies  ahead.   It 

amount,  kind  and  order  of  training  could  be 

is  regretted  that  the  same  experimental 

greatly  improved,  based  on  experience.   The 

children  are  not  carried  on  this  year  in 

consensus  is  without  question:   even  a 

their  second  grades,  and  then  in  the  third. 

modest  gain  in  perceptual  skill  produces  a 

The  educational  and  visual  return  would  un- 

result of  great  value;  it  is  tantamount  to 

doubtedly  be  great,   A  good  beginning  was 

the  difference  between  average  and  superior 

made  however.   If  everyone  who  reads  this 

teaching;  it  does  something  of  great  value 

report  could  observe  the  top  20^  of  these 

for  the  slower,  duller  children,  and  far 

trained  children  read,  draw,  letter,  figure 

,   more  proportionately  for  these  whose  abili- 

etc., even  from  books  written  for  fifth  and 

ties  are  good. 

sixth  grades,  there  would  be  no  question. 

: 
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A  new  fiscal  year  begins.      This   paper   deals 
with  a  subject  which   could  not   have   been 
written  six  years   ago,    partly  because    it 
would  have  been  devoid   of  meaning  to  most 
optometrists  and  partly  because   the   writer 
had,    at  that  time,    no   very  clear  under- 
standing of  the  theoretical  basis    of    op- 
tometric   diagnosis   and  training,    and  cer- 
tainly no  notion  of  how  theory,    fact   and 
method  from  psychological   optics    could  be 
made  useful  to   the   professional   optom- 
etrists 

It   is   always   difficult    to    chronicle   the 
true  historic   sequence    of    events,    partic- 
ularly when  many  persons,    living   and  dead, 
have   contributed  to  those   events.      None- 
theless,  things   are  being  done,    new  tools 
being  used,    and  results   are  being   attained 
which  have   developed,    in  less   than   a   de- 
cade,   out  of  the  theoretical   and  opera- 
tionaJ-  relations   of  O.E.P.    optometry  and 
experimental  psychology.      Skeffington   and 
his    'gang'    have   dared  to   think   of   seeing 
as   something  more  living  and  potential 
than  a  fe?f  unrelated  facts   of   geometric 
optics   or   a  defenseless   neuro-physiology 
which  transfers   exact-copy    'images"    on 
the  tvio   retinas  to  the    dark    continent   of 
the  brain   cortex  and  there   abandons   them 
to   a  mythical    'perception',    'understanding' 
or    'memory' . 

It   is   only  natural  that    optometric   think- 
ing should  go  the    same   way  advanced  think- 
ing has   gone   in   other  divisions    of   science. 
In  psychology,    for  example,    'sensations', 
-   elemental,    non-analyzable   mental   pro- 
cesses,   -   were   old  and   current   as   facts 
in  speculative    systems   before    there   was 
such  a  thing  as   psychology.      Was   the   sen- 
sation doctrine   taken   over  almost   v\fithout 
question  by  psychology?      Yes.      What    is 
the  present    status  of  the   doctrine?      A 
closed  chapter   in  the   history   of  psy- 
chology.     Deado      Why  did   it    die?      Simply 
because   it   never  really   lived;    it    could 
not  hold  against   the   ever   increasing 
vreight   of  evidence   against    it;    its   whole 
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theoreticl   foundation  was  unsound.      As 
the   late   Professor   Koffka  once   observed 
"how  false   the    claim  that  a  theory  is 
nothing  but    a   concise   formulation  of  in- 
dependent   facts." 

The   history   of   science   is  a  history  of 
expanding    concepts,    of  theory  extended 
beyond   the    range   of   present   sensory  dis- 
crimination  and  tested  and  verified. 
Trite    as    it   may   sound,    we   likely  enough 
do   no  more    in   predicting  than  to  test   the 
essential    soundness   of  the   original  think- 
ing,   planning  or   postulation  which  led  up 
to   the    guess.      When  theory  changes,    both 
old  and   new  habits  must   change.      How  for 
example  5    can   1   subscribe   to  a    'deficit 
economy'    in  running  m.y  own   small  affairs 
and  also    adhere   to   the    rigid,    honest,    in- 
dustrious   frugality  taught   me  early  in 
life?      Or,    how  can   I  understand  why  a 
myope   wears    a   concave   lens  vihen  a  con- 
cave  lens   makes   things   look  smaller  and 
farther  away? 

In   previous   papers    it   was   shown  that   ob- 
ject  vision   is   not   a    simple   copying  pro- 
cess;   that    even   the    simplest   shape,    con- 
sisting of  but   a  few  lines,    demands   for 
accurate   perception  and  reproduction  an 
elaborate   process   of    sensory-cortical- 
motor   changes.      The    essential  thing  about 
this    process   is   that    it   attains   a  toler- 
able   identity  v/ith  the   impression  figure 
or   shape   by   an   involved  process   of  field 
structuring   or   organization.      This  process 
was   grossly  over-simplified  by  the   ad- 
vocates   of  the    'sensation'    doctrine. 

There   have   been   four  or  five  ways   of   re- 
garding the   nature   of   this   process.      The 
view  of    (l)    nativism  holds   that   percepts, 
movements,    etc.,    are    controlled  by  neuro- 
muscular mechanisms   preestablished  _ad  hoc. 
Visual   space,    pitch   discrimination,    acuity, 
etc.    were    fixed  both  by  inbuilt   limitations, 
both   as  to    range    and   proficiency  and  little 
or  nothing   could  be    done   to   change  them.. 
(2)    Empiricism  held  that   such  processes   had 
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to  be  acquired  by  learning  or  training. 
A  baby  starts  out  as  a  blank  page  upon 
which  the  world  indites  itself,  as  best 
it  can.   Percepts  and  movements,  accord- 
ingly, were  determined  by  the  residuals 
of  past  experiences,  summated  and  ab- 
stracted and  generalized  into  stable 
form.s.   (3)   Configurationism  or  or- 
ganicism  or  Gestalt  theory  held  that  all 
such  percepts  and  movements  are  structur- 
al and  functional  organizations  within 
extended  wholes  and  never  exist  in  local 
isolation.   Field  organization  -  i.e.  how 
anything  becomes  a  thing  in  visual  space 
-  depends  upon  the  relative  properties  of 
local  conditions.   These  relative  proper- 
ties are  the  paradigms  of  forces  set  up 
within  a  field  by  local  conditions  ,  and 
the  distribution  of  such  forces  in  pat- 
tern arrangements  of  various  sorts  are 
the  determiners  of  forms  and  meanings. 
Parts  exist  only  within  constituent  wholes 
and  you  get  parts  only  by  an  artificial 
mode  of  analysis.   (4)   Motor  theory  agrees 
part  way  with  all  three  previous  views  but 
also  takes  notable  exceptions.   It  re- 
gards with  favor  most  of  the  basic  claims 
of  Gestalt  or  configuration  theory  but  in- 
sists that  it  must  go  at  least  one  im- 
portant step  farther.   It  holds  that  all 
sensory  and  central  or  cortical  processes 
are  really  prelimilnaries  to  the  important 
consummatory  effector  processes;  that  men- 
tal life  is  movement,  the  backstroke  from 
which  is  the  principal  means  of  the  revis- 
ion of  function,  by  approximation  and  cor- 
rection called  learning. 

There  is  finally  what  some  have  called  an 
eclectic  position  -  which  stands  every- 
where and  nov/here.   It  claims  to  formulate 
a  theory  taking  only  the  'good'  parts  of 
others.   The  result  is  usually  a  confused 
and  inconsistent  set  of  incompatibles 
which  evidence  laziness ,  immaturity  or  in- 
competence in  thinking.   The  sensation 
doctrine  was  old  before  scientific  psy- 
chology was  born.   It  v/as  taken  over  as 
most  traditions  are,  and  a  long  struggle 
ensued  in  the  attempt  to  make  it  a  useful 
working  category.   A  sensation  was  defined 
as  an  elemental  mental  process,  incapable 
of  further  analysis,  and  characterized  by 
its  own  special  attributes;  quality,  in- 
tensity, duration,  extensity,  protensity, 
attensity,  etc.   Complex  percepts  were  ag- 
gregates of  these  units,  held  together  in 


some  un-understandable  vray  by  mere  tempor- 
al contiguity.^-'      '^' 

Many  American  and  foreign  psychologists 
refused  to  accept  such  a  doctrine.   In 
the  first  decade  of  the  present  century  a 
group  of  very  competent  men  proposed  a 
'functional'  point  of  viev/  in  opposition 
to  sensationism.   Clearly,  they  held,  per- 
cepts are  something  more  than  mere  col- 
locations of  independent  sensations;  in- 
terrelations must  not  be  disregarded:  such 
things  as  contrast  effects  are  real  things. 
I  am  tempted  to  apologize  for  so  brief  a 
sketch  as  the  foregoing,  but  it  is  entered 
here  as  a  necessary  preliminary  to  under- 
stand the  significance  of  a  discovery, 
made  in  1915,  by  Edgar  Rubin,  a  Danish 
psychologist . 

Rubin  was  the  first  to  point  out  that  when 
we  see  a  simiple  object  v/ithin  the  visual 
field  vie    see  it  as  a  figure  on  a  ground. 
The  figure  is  the  thing  and  the  ground  is 
the  framework,  the  stage-setting,  or  the 
surface  upon  or  within  which  the  thing  is 
seen.   A  thing  to  be  a  thing  must  have 
boundaries,  contours.   Rubin  showed  that 
contour  in  perception  is  a  one-sided 
function. 

Look  at  the  simple  figure  in  the  following 
diagram: 


The  diamond  lies  within  and  upon  the 
ground  of  the  oblong,  and  also  upon  the 
secondary  ground  of  the  page.   Rubin  shov^fed 
that  the  contour  of  the  figure  shapes  its 
inside  but  not  its  outside:   that  contour 
has  a  one-sided  function.   It  segregates 
the  figure  from  the  surrounding  ground. 
.Contours  virhich  shape  the  figure  do  not 

shape  the  ground.   If  the  ground  has  shape, 
it  owes  this  to  forces  other  than  those 
which  organize  the  figure  upon  the  ground. 

Note  that  the  figure  lies  on^  the  ground; 
it  is  nearer  to  the  observer  '^nd  the 
ground  is  continuous  back  of  the  figure, 
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although  not   directly  seen.      Any  figure   de- 
pends  for  its   properties    (size,    shape, 
position,    and  to   an  extent   brightness    and 
color)   upon  the    characteristics   of   the 
ground  on  v^fhich   it   appears.      This    rule    is 
general  and  applies   very  widely.      Tvio   ex- 
periments throve  further  light   upon  this 


problem.      Hartmann   (1923)    showed  that  the 
square    is   easier  to   see  than  the   same 
square   turned   in   such  position  that   it  is 
named   a  diamond  because  the   diamond  has  a 
greater   flicker   limen   (critical  fusion 
frequency)    than  the   square. 


B 


B 


Kopfermann  (1930)  showed  that  in  the  above 
figure  B  is  seen  as  a  diamond  and  A  as  a 
square.   The  orientation  of  the  tv/o  figures 
is  the  same.   Hence  orientation  of  the  fig- 
ure is  not  the  absolute  determinant  of  its 
shape,  but  relation  to  the  frame  or  ground 
is  a  very  instrumental  factor.   Space  en- 
closed in  two  circles,  one  23  and  one  25 
millimeters  in  diameter,  and  viewed  in  a 
stereoscope  at  the  correct  decentration 
for  good  fusion  will  look  'different'  from 
the  same  v/hite  cardboard  which  is  dually  at 
one  and  the  same  time  a  surface  in  front 
enclosed  in  the  single  circle  and  the  con- 
tinuous ground  in  front  of  which  it  lies. 

In  the  above  figure  A  is  more  ambiguous  and 
unstable  than  B.   The  figure  depends. 


in  this  simple  case  on  the  larger  ground  . 
of  the  page,  the  more  immediate  ground  of 
the  oblong,  and  the  simplicity  of  the  re- 
sulting figure.   Figure  and  ground  differ 
from  one  another  because  each  has  dif- 
ferent properties,  behaves  differently, 
interrelates  differently  as  local  con- 
ditions are  changed.   Ground,  the  "unseen" 
portion  of  the  visual  field  yet  contributes 
greatly  and  importantly  to  figure  formation. 
Ground  is  simpler,  more  coherent  and  hom- 
ogeneous and  less  stable  than  figure. 
Figure  is  held  together  by  stronger  forces 
than  ground. 

Next  month  we  shall  continue  with  further 
discussion  of  the  dynamic  interrelations 

of  figure  and  ground  in  field  structuring. 
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It  is  strongly  urged  that  you  re-read  the 
previous  paper  (Vol. 6,  No, 2)  before  you  be- 
gin this  one,   Rubin  was  among  the  earliest 
to  point  out  that  the  forms  we  see,  even 
the  simplest  common  objects,  achieve  form 
by  an  intricate  process  of  the  structuring 
of  the  whole  visual  field.   Structuring 
means  a  redisti^ibution  of  forces* 

If  it  could  be  shown  that  the  processes  of 
field  structuring  are  not  different  from 
other  known  processes  in  nature  where  forces 
interact  and  approach  a  more  stable  equilib- 
rium, such  demonstration  would  mark  a  for- 
ward step  in  theory,  the  consequences  of 
which  can  hardly  be  overestimatedo   It  would 
at  once  place  the  perceiving  of  forms  and 
executant  manipulatory  acts  in  one  and  the 
same  category.   It  would  have  far  reaching 
effects  upon  certain  measurement  procedures 
in  vision,  at  present  highly  artif icialized 
by  assumptions  which  disregard,  for  example, 
the  unnoticed  but  highly  important  compo- 
nent, the  grounds^.   The  instant  a  figure 
emerges  from  a  ground  or  is  set  upon  a  ground, 
its  boundaries  tighten  the  structure  with 
those  limits o   The  figure  will  tend  to  show 
an  inertia  effect^   It  will  resist  distortion 
(form-constancy) ,  and  limits  will  be  set  to 
the  amount  an.d  kind  of  changes  which  can  be 
made  in  it  so  long  as  the  ground  remains 
constant e 

It  will  be  shown  a  bit  later  that  the  figure- 
ground  relation  i s  an  unstable  equilibrium. 
It  is  never  static   The  apparent  paradox 
of  the  relation  is  that  in  spite  of  the  con- 
stant rivalry  or  antagonism  of  _F_  and  _6j  it 
is  out  of  this  destructive  trend  that  con^ 
structive  forms  are  achieved.   We  may  safe- 
ly set  down,  therefore,  that  even  the  sim- 
plest forms  are  dynamic  patterns  or  masses 
of  energy.   They  grow  and  die  away,  come 
and  go  according  to  laws  well  known  in  math- 
ematics and  physics  o 

Now  if  this  is  true  (and  who  can  dispute 
it?)  it  must  be  evident  that  'image'  forma- 
tion at  the  retina,  in  the  brain,  or  any- 
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where  in  nature  is  never  a  direct  copying 
process*   The  essence  of  such  a  view  is 
passivity  of  the  mechanism;  in  reality  the 
essence  of  the  whole  process  from  beginning 
to  end  is  activity^   Again  and  again  evi- 
dences appear  which  force  us  to  realize  the 
essential  sameness  of  the  processes  of  per- 
ceiving and  acting*   And  if  you  will  carry 
about  with  you  this  concept  of  figure-ground 
structuring  and  test  it  by  applying  it, 
you  will  find  surprising  numbers  of  instances 
of  its  important  operation  in  nature. 

Last  week  I  visited  late  one  afternoon  a 
colleague  who  is  an  ardent  amateur  musician. 
Professionally  a  lawyer  and  certified  pub- 
lic accountanto   Sitting  at  his  piano  he 
played  a  single  cord.   He  asked  me  how  I 
liked  ito   I  asked  him  if  he  really  wanted 
my  judgment;  it  was  a  vile  sounding  disso- 
nance.  He  then  played  a  half  dozen  majes- 
tically beautiful  cords,  the  last  of  which 
in  time  was  our  old  friend  above »   Now 
everything  sounded  perfectl   With  a  chuckle 
he  informed  me  the  cords  were  parts  of  a 
composition  by  a  world-famous  composer. 

Tones  or  compound  sounds  can  have  shapes, 
toOo   Just  as  the  little  squares  can  be 
made  into  diamonds  by  changing  the  ground 
in  the  figures  of  last  month's  paper,  so 
cords  depend  for  their  properties  in  part 
at  least  upon  the  position  they  occupy  in 
a  temporal  series.   Talk  about  musical  form 
is  thus  not  artistic  palaver.   It  is  some- 
thing real.   Something  important.   Some- 
thing old,  yet  very  new.   For  we  are  only 
dimly  aware  of  the  reaches  and  of  the  con- 
trols we  may  manage  in  the  process  of  the 
achievement  of  formj, 

A  little  reflection  will  show  how  this  gen- 
eral principle  applies  in  tachistoscopic 
worko   And  if  you  have  ever  tried  to  make 
stereo  pictures,  you  will  appreciate  the 
fact'  that  several  years  ago  I  made  a  fine 
set  of  11  x  14  stereo  prints  of  grounds 
(landscapes,  etc,)  on  which  I  tried  to  paste 
several  types  of  cut-out  figures,  without 
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success  The  forces  which  block  the  entry 
of  some  figures  as  belonging  to  or  in  some 
grounds  are  real  thing ,  let  no  one  deceive 
you  on  that  point.  Let  the  skeptic  try  it 
himself. 

Many  readers  of  this  paper  have  seen  and 
used  my  series  of  size -constancy  stereograjns 
These  are  stereo  photographs  of  real  objects 
(white  cardboard  squares)  in  a  real  ground. 
When  the  6,    12,    or  2^  meter  target  is  view- 
ed in  a  suitable  stereo  instrument  and  its 
apparent  size  measured  by  the  method  of 
equivalents,  there  is  rarely  an  exception 
to  the  observation  that  the  same  target  is 
seen  smaller  at  near  point  than  at  far  point. 
Also  if  we  give  a  microstructure  to  the  sur- 
face of  the  targets  the  effect  is  still 
stronger.   Such  findings  are  certainly  at 
variance  with  what  we  might  expect  from  geo- 
metric or  physiological  optics ;,  or  from 
Emmert ' s  "law." 

Let  us  regard  these  findings  in  another  way. 
The  change  from  far  to  near  point  does  not 
change  figure  and  ground  equally.   And  as 
vre  have  pointed  out,  the  increase  in  the 
apparent  size  of  the  ground  at  near,  although 
unnoticed,  should  be  accompanied  by  an  in- 
crease in  the  centripetal  forces  within  the 
figure,  which  should  then  be  seen  smaller 
than  the  logical  or  calculated  size-distan.ce 
relation  should  give   This  is  precisely 
what  happens  in  experience  and  if  the  above 
reasoning  is  sound  our  method  and  apparatus 
for  size-constancy  measurement  ceases  to  be 
a  laboratory  curiosity  and  becomes  a  direct 
measure  of  field  forces  within  the  optical 
sector  of  the  central  nervous  system  (par- 
ticularly the  retina  and  brain).   More,  it 
is  a  challenge  to  the  creative  thinking  of 
every  optometrist  and  ophthaLmologlst  whose 
job  it  is  to  assay  the  functional  vision  of 
Mr.  Joseph  Doaks,  the  fellow  to  whom  the 
lady  in  white  says:   "Next,  the  Doctor  will 
see  you  now. " 

In  young  infants.  Ling  (Journal  Genetic 
Psychology,  19^2,  61,  26k)    states  that  one 
of  her  most  significant  findings  was  that 
"the  infant,  even  after  he  has  arrived  at 
the  stage  of  Perfectly  Sustained  Fixation, 
continues  to  respond  differently  to  the 
stimulus  disk  when  it  is  within  a  close 
range  (within  one  foot)  than  when  it  is 
farther  away. " 

The  measurement  and  interpretation  of  acuity, 


fusion,  phorias,  in  fact  almost  every  find- 
ing, must  be  regarded  as  a  special  case  of 
the  general  principle  we  are  considering, 
namely,  the  dynamics  of  figure  formation 
within  or  upon  one  or  more  grounds . 

Likewise  it  is  important  for  us  first  to  con 
sider  the  operational  properties  of  grounds  ■ 
fore,  mid  and  back  -  and  those  of  the  en- 
closed figures  so  that  we  may  then  pass  to 
a  consideration  of  the  known  laws  and  prin- 
ciples which  describe  the  mechanism  of 
structuring  or  organization  within  the 
field. 

We  sha.ll  begin  with  the  examination  of  a 
single  shape  first.   In  the  simple  case 
will  be  found  the  working  of  the  basic  prin- 
ciples, true  also  of  more  complex  field 
structures . 

At  this  point  I  should  like  you  to  recall 
a  basic  fact  of  the  retino  -  cortical  organ- 
ization.  Macular  and  foveal  sharp  discrim- 
ination of  boundaries  which  give  shape  or 
form  to  things,  is  surrounded  by  a  perima- 
cular  and  peripheral  region  In  which  each 
degree  of  decentration  is  marked  by  a  rapid 
loss  of  resolution.   The  average  solid 
angle  in  which  forms  can  be  seen  is  not 
far  m  the  untrained  from  20  degrees  hori- 
zontal and  about  16  degrees  to  I8  degrees 
vertical,  centered  of  course  in  the  fovea. 
It  should  be  recalled  that  resolution  di- 
minishes rapidly  before  the  form  limit  is 
reached.   At  6  degrees  on  either  side  of 
the  line  of  sight  acuity  has  lost  fully 
75^,  and  thenceforth  quickly  drops  in  a 
few  degrees  to  such  a  point  as  to  be  use- 
less for  effective  seeing,   As  a  matter  of 
fact  a  50^  reduction  is  a  serious  resolution 
loss  which  in  most  cases  may  not  only 
leave  form  unhampered,  but  by  a  process  to 
be  detailed  later  on,  may  actually  enhance 
it.   Thus  the  visual  apparatus  itself  is 
so  constituted  as  to  favor  the  casting  of 
the  whole  retinal  pattern  of  excitation  in- 
to what  has  been  called  a  center  and  a 
fringe,  focus  and  margin,  and  one  German 
psychologist  used  the  termiS  blickpunkt  and 
blickfeld.   To  those  interested  in  the  moot 
question  of  the  projection  of  the  ma.cula 
in  the  cortex,  it  is  noteworthy  in  our  dis- 
cussion that  G.  J.  Van  Heuven,  in  his  Am- 
sterdam dissertation  of  1929  showed  that  in 
the  brain  the  macula  is  projected  in  wide 
diffusion  throughout  cytoarchitectural 
regions  17,  I8  and  I9,  whereas  the  entire 
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periphery  is  restricted  to  an  overlapping 
core  of  very  limited  dispersion,   (See 
Fulton,  J.  F,  Physiology  of  the  Nervous 
System,  Oxford,  2^  Ed,  1943,  p.  329). 

It  is  enough  for  us  to  realize  as  Detwiler 
(Vertebrate  Photoreceptors,  McMillan,  N„  Y. , 
1943)  has  shown  that  in  the  evolution  of 
the  mammalian  eye  the  above  structural  de- 
sign was  not  always  obtained.   In  birds  the 
foveas,  for  example,  are  ditch-type  and  ex- 
tend practically  the  whole  circumference  of 
the  globe.   In  a  later  paper  we  shall  carry 
the  anatomical  and  physical  basis  of  form 
vision  farther. 

Let  us  look  now  at  a  simple  diagram: 


If  one  fixates  the  center  either  3  small  or 
3  large  sectors  may  be  seen^   These  will  re- 
verse,  Graham  (19  29)  varied  the  size  of  the 
small  sectors  from  10  degrees  to  60  degrees 
by  10  degree  steps.   He  found  that  the  small- 
er the  sectors  the  more  stable  they  were  as 
figures.   Ten  degree  angles  dominated  in  re- 
versals 1  1/2  times  as  long  as  equal  sized 
sectors.   When  figure  and  ground  are  of 
equal  brightness,  Graham  found  that  area 
was  the  most  important  factor  in  perception® 

Rubin  (1921)  stated  the  law  as  follows:   If 
of  two  homogeneous  differently  colored  fields 
the  one  is  noticeably  larger  than  the  other 
and  surrounds  the  other,  then  there  is  an 
overwhelming  probability  that  the  small  in- 
closed field  is  perceived  as  figure^ 

Ground  is  simpler,  more  homogenous «   Figure 
is  more  solid  (thing-like)  while  ground  is 
more  loose  ( stuff-like) ,   Figure  is  stronger 
that  is  more  resistent  to  distortion  or  to 
the  intrusion  of  a  second  figure  in  the  same 
field  and  is  held  together  within  its  boun- 


daries by  stronger  forces  than  ground. 
Ground  provides  masses  of  color,  brightness, 
area,  etc,  out  of  which  portions  become 
salient  by  the  creation  of  boundaries. 

If  a  figure  similar  to  the  above  is  made  by 
pasting  green  sectors  on  a  gray  ground^ 
when  reversal  takes  place  the  green  appears 
darker,  less  saturated  and  the  gray  becomes 
distinctly  pink.   Color  is  stronger  as  fi- 
gure than  as  ground. 

In  every  scene  we  see  the  factors  of  size^ 
distance,  brightness,  color^  relative  posi- 
tion, motion  etc,  are  always  at  worko 
Some  oppose  and  some  enhance  one  anothere 
The  final  resultant  is  an  algebraic  kind 
of  resolution  or  summation  of  forces  with- 
in the  fieldo   VJhatever  form  emerges  from 
the  ground  depends  upon  the  complex  inter- 
action of  these  forcesg 

Within  the  visual  apparatus  the  influence  of 
a  change  in  one  portion  of  the  field  can  act 
remotely  to  redistribute  the  entire  field. 
If  the  field  is  complex  -=  as  are  all  'simple' 
visual  experiences  -  and  contain  more  than 
a  single  saliency^  a  change  in  one  locus 
is  capable  of  changing,  for  example,  the 
relative  positions  of  two  apparently  con- 
stantly separated  sub-figures  in  the  field. 
The  practical  bearing  of  this  sort  of  theory 
upon  the  problem  of  space  projections  or 
phorias,  is  at  once  apparent.   Measurements 
of  such  type  are  never  static^   They  re- 
present phases  of  a  dynamic  system  within 
larger  enclosing  systems o   To  maintains,  as 
one  teacher  of  optometry  claims  3  in  a  re^ 
cent  paper,  that  such  mechanisms  or  fionctions 
are  "innate"  and  hence  not  susceptible  to 
practice  effects  is,  to  say  the  least,  sur- 
prisingo   Such  position  is  difficult  or 
impossible  to  defend,,   The  characteristic 
of  field  organization  is  its  susceptibility 
to  transformation  through  proper  trainings 
The  hope  and  promise  for  future  research 
along  these  lines  is  greater  than  any  other 
I  know.   No  province  has  been  more  impor- 
tant in  psychological  optics  in  helping  us 
_win  the  war  than  in  the  field  of  perception 
and  learnings   No  province  has  shown  great- 
er developments  in  the  last  two  decadeso 

Next  month  we  shall  continue  with  a  study 
of  the  djoiamics  of  figure-ground  organiza- 
tion,, 
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All  objects  seen  within  the  visual  field 
attain  form  only  as  contours  or  boundaries 
are  established.   Several  facts  indicate 
how  boundaries  are  set  up,   Rubin  first 
pointed  out  that  when  organization  proceeds 
within  the  visual  field  and  the  larger  en- 
closing space  frames  the  smaller  salient 
patch  occupied  by  an  object,  the  enclosed 
space  becomes  figure  and  the  enclosing  space 
the  gro^ond,   Kohler  and  others  have  shown 
that  the  whole  field  begins  its  process  of 
structuring  with  the  physically  simple  and 
necessary  formation  of  a  potential  gradient. 
The  enclosed  figure  is  the  region  of  the 
maximum  potential  or  activity,   A  year  ago 
in  these  papers  I  tried  to  show  that  in 
biology  gradients  of  metabolism  or  energy 
distribution  may  be  regarded  as  the  mecha- 
nism for  the  establishment  of  dominance  and 
isolation,  the  primary  beginning  of  struc- 
turing by  dynamic  principle  to  create  the 
individual  or  unified  organism.   Fields  are 
at  first  relatively  uniform  energy  distribu- 
tions.  This  state  cannot  long  be  maintained ^ 
if  as  is  always  the  case,  energy  changes  are 
constantly  taking  place  within  enclosing  or 
adjacent  fields. 

In  the  case  of  Rubin's  law  the  enclosed 
figure  should  be  regarded  not  as  some  ob- 
ject out  there  in  space,  but  should  be 
thought  of  as  existing  out  there  because 
of  the  operation  of  Stratton's  principle  of 
external  reference »   We  project  the  corti- 
cal-motor energy  pattern  of  impression  from 
the  sense  organ  to  that  spatial  position 
which  checks,  in  phenomenal  experience,  with 
the  consequences  of  manipulation  and  con- 
ventionalized biological  and  psychological 
experience. 

In  the  cortex  the  field  of  excitation  at 
any  instant  represents  the  retinae.   The 
aligning  of  the  fovea  to  receive  that  por- 
tion of  the  ray  sheaf  which  corresponds  to 
the  figure  object  isomorphically  can  be  re- 
garded as  the  focus  of  the  inward  projected 
energy  gradient,   Perimacular  and  peripheral 
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areas  will  stand  as  regions  of  low  energy. 
But  the  representation  must  always  be  regard- 
ed as  molar  rather  than  molecular,   I  can, 
for  example,  occlude  my  left  eye  as  I  face 
the  red  brick  wall  of  a  building.   My  macula 
has  good  color  vision,  my  perimacular  regions 
are  partially  color  blind  and  my  periphery 
is  totally  (or  almost  totally)  color  blind. 
But  I  see  a  uniformly  red  wall  nonetheless. 
We  must,  it  seems,  exercise  the  right  to 
include  in  visual  theory  as  in  other  biologi- 
cal and  psychological  provinces,  the  prin- 
ciple of  emergents.   We  must  postulate  that 
tha  phenomenal  reality  of  perceptual  filling 
is  in  its  own  right  ample  proof  of  the  im- 
possibility of  looking  for  and  finding 
support  of  the  constancy  hypothesis,   V-fe 
never  see  what  is  out  there.   The.  final  phe- 
nomenal field  is  a  construct  whose  deter- 
minants are  not  derivable  from  the  local 
and  isolated  physical  events  at  the  moment. 
Elsewhere  again  in  these  papers  I .have 
tried  to  show  that  perception  is  always 
essentially  a  process  which  runs  a  course 
in  time  and  that  nothing  is  gained  in  our 
feeble  efforts  to  describe  it  by  either  a 
willful  or  unwitting  oversimplification. 

The  figural  object  becomes  the  cortical  ob- 
ject -  i.e.,  a  region  of  or  mass  of  bounded 
.energy.   At  the  'boundary,  from  without,  the 
forces  of  the  enclosing  ground  are  different 
from  the  forces  of  the  enclosed  or  internal 
figure.   The  boundary  is  a  boundary  only 
of  the  enclosed  figure.   As  the  ground  is 
made  larger  the  inner  forces  of  figure  be- 
come more  compact.   Their  direction  is 
centripetal  and  figure  becomes  denser, 
'harder,'  more  stable  and  resistent  to  dis- 
tortion.  Any  and  all  properties  of  figure 
objects  depend  only  in  part  upon  the  in- 
trinsic properties  of  that  portion  of  the 
total  field  which  represents  figure. 
Changes  in  the  ground,  the  relatively  un- 
noticed part  of  the  visual  field,  can  pro- 
duce large  changes  in  figure.   This  fact, 
easy  to  demonstrate,  has  far-reaching  and 
important  consequences  for  visual  science. 
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I  predict  that  within  a  few  years  the  most 
important  developments  in  visual  diagnosis 
and  training  in  a  century  will  be  produced 
by  research  aimed  at  the  set  of  problems 
arising  within  this  dynamic  perceptual  field. 
In  fact  the  work  of  Kohler  and  'Wallach  may 
be  cited  as  testimony,  along  with  the 
earlier  works  of  Wertheimer,  Wulf;»  Fuchs, 
Gelb,  Metzger,  and  others,  that  many  strik- 
ingly important  developments  are  already 
here , 

Some  critics  will  say,  "How  do  you  know  the 
vectors  of  the  figural  portion  of  the  cor- 
tical field?"   Quite  frankly  the  answer  is 
that  no  one  now  does  know.   Thus  far  it  is 
an  honest  and  sincere  attempt  to  construct 
a  theory  which  accords  with  phenomenal 
reality  better  than  any  of  the  existing 
theories  do  at  present.   Years  before  the 
achievement  of  the  mass-energy  chain  reaction 
in  U-235  and  its  derivatives.  Professor 
Einstein  wrote  a  very  simple  theoretical 
equation.   Upon  the  basis  of  pure  theory 
science  proceeds  to  discovery  and  demonstra- 
tion of  how  things  work  and  can  be  made  to 


work  our  way  in  nature.   The  case  in  reality  ; 
is  not  without  considerable  experimental 
verification  of  many  points.   The  late  Pro- 
fessor Max  Wertheimer  published,  in  1923,* 
the  first  description  of  his  experiments 
leading  to  the  formulation  of  his  laws  of 
organization  in  perceptual  forms,   Wertheimer 
noted  that  what  he  saw  on  looking  out  his 
window  was  not  an  aggregate  of  unrelated 
shapes  and  brightnesses;  not  either  a  "mode 
of  organization  lying  solely  within  my  own 
pleasure."   What  he  saw  was  "the  arrange- 
ment and  division  which  is  given  there  be- 
fore me"  -  and  by  special  effort  and  self-, 
imposed  instruction  he  was  able  to  discover. 
"that  part  of  a  windov>f  sash  and  part  of  a 
bare  branch  together  compose  an  _N,  "  Even 
simple  patterns  of  dots  on  an  undifferentia- 
ted ground  were  seen  to  combine  in  some  sort 
of  "spontaneous"  or  "natural"  mode  of  group- 
ing,  "Any  other  arrangement,  even  if  it 
can  be  achieved,  is  artificial  and  diffi- 
cult to  maintain,"  Do  such  "natural"  group- 
ings follow  discoverable  laws  or  principle? 

He  examined  a  row  of  dots: 


These  are  seen  as  1-2,  3-4,  5-6,   They  can 


be  seen  as 


-1-5 


4 


5-6j,  etc 


If  the 


first  grouping  is  used,  the  whole  row  can 
be  seen  patterned  in  this  manner <,   If  the 
second  is  used  it  is  next  to  impossible. 
The  process  is  disjurr^tive  „   After  trying 
out  m.any  patterns  he  saw  that  "that  form  of 
grouping  is  the  most  natural  which  involves 
the  smallest  interval,"   This  he  called  the 
Factor  of  Proximity „_  In  the  visual  field 
any  aggregate  of  objects  becomes  figural  as 
the  grouping  becomes  compact  or  proximal 
enough„   Position,  in  space  and  time;,  is 
thus  a  first  important  factor  in  figure- 
ground  structuring, 

Wertheimer' s  second  principle  is  really  a 
corollary  of  the  first  and  yet  introduces 
a  new  factor :   The  Factor  of  Similarity, 
It  is  "the  tendency  of  like  parts  to  band 
together."   If  ir.  a  row  of  evenly  spaced 
dots  1-2  are  black  and  3-4  red  and  so  on. 


7-8-9  and  10-11-12  are  shifted  up  or  down 
one  space  not  much  is  changed  for  the  ob- 
server. But  if  3-4,  5,  etc.,  are  shifted 
it  may  either  form  a  new  grouping  pattern 


proximity  is  constant  but  the  grouping  by 
two ' s  is  this  factor  of  similarity.   Both 
similarity  and  dissimilarity  in  varying  de- 
grees operate  to  determine  experienced  form. 
If  you  want  to  hide  in  a  forest  make  your- 
self look  like  a  tree  -  and  stand  still. 
Note  that  this  factor  may  operate  to  pro- 
duce grouping  or  if  the  figure  object  is 
made  similar  enough  and  homogeneous  with 
the  ground  to  abolish  grouping.   If  you 
can  agree  with  everything  up  to  this  point 
you  can  see,  for  example,  a  possible  mecha- 
nism for  amblyopia,  and  the  line  of  attack 
for  its  control, 

Wertheimer  pointed  out  further  that  Proximity 
and  Similarity  may  be  set  in  competition  or 
may  aid  and  assist  each  other.   From  this 
fact  their  relative  strengths  can  be  meas- 
ured.  The  third  law  is  called  the  Factor 
of  Uniform  Density  or  Common  Fate,   If  in  a 
row  of  dots  like  - 


or  be  seen  as  a  confused  or  awkward  arrange- 
ment,  A  slight  shift  in  the  position  of 
one  or  more  sub-groups  may  thus  destory  the 
unity,  coherence,  ease  of  perception  of  a 


*Unterschungen  zur  Lehre  von  der  Gestalt,  II,  Psychol.  Forsch,,  1923,  4,  301-350. 
See  also  Ellis,  W.D.,  Source  Book  of  Gestalt  Psychology,  1938,  pp.  71-94, 


Page  #33.  -  Figure  And  Ground  (Part  III)  -  Vol.6   No. 4 


total  pattern.   This  fact  is  not  without 
practical  bearings. 

The  fourth  law  may  be  called  Optimal  Per- 


ceptual Levels  (Pragnanzstuf enj . 
taking  a  series  of  rows  of  dots  - 


Aeram 


The  1,  3,  5  etc.,  dots  are  constant  and  2, 
4,  6,  etc.,  are  varied  so  that  the  distances 
between  1  and  2,  and  2  and  3  are  varied. 
Wertheimer  used  the  following  separations: 


Row 


Separations 

Dots 

Spaces 

2 

20 

5  , 

17 

8 

14 

■  11 

11 

14 

8 

17 

5 

20 

2 

1 

2 
3 
4 
5 
6 
7 


Each  row  is  seen  individually.   Rows  1,  4 
and  7  gave  three  discriminations  different 
from  the  intervening  rows.   As  dot  2  is 
varied  the  separations  are  not  all  equal 
psychologically.   Intermediates  approximate 
or  deviate  from  certain  of  the  preferred 
order,  levels  or  positions. 

The  fifth  Factor  or  Law  was  called  Objec- 
tive Set,   If  all  the  rows  are  shown  simul- 


taneously to  the  observer  and  he  passes  from 
row  1  to  7,  or  from  7  to  1,  "the  original 
grouping  in  each  case  tends  to  maintain  it- 
self even  beyond  the  middle  of  the  row," 
Row  3,  for  example,  will  be  seen  different- 
ly if  preceded  by  1  and  2  or  6,  5,  and  4, 

In  Factor  Six,  the  Factor  of  Direction,  it 
was  shown  that  organization  in  the  perceptual 
field  cannot  be  accounted  for  by  spatial 
proximity  alone.   Dots  shaped  like  this: 


are  seen  as  a  horizontal  and  a  vertical  1 
rather  than  as  two  right  angle  figures, 
Wertheimer  points  out  that  good  continua- 
tion, inner  coherence,  unity  in  a  pattern 
arise  from  the  interplay  of  forces  within 
the  pattern.   Simplicity  or  complication 
is  a  property  of  the  whole  organized  mass, 
not  of  separate  parts. 


me 
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The  3e"venth  of  Uertheimer '  s  principlGs  de- 
scribing the  factors  of  organization  in  the 
perception  of  figural  unities  is  closure . 
When  boundaries  are  established  for  any  ob- 
ject viithin  the  visual  field,  the  forces 
v.'ithin  the  enclosed  (thing)  area  are  dis-= 
posed  differently  from  those  v;ithin  the  en- 
closing space  (ground).   The  ground,  however, 
exerts  a  positive  and  deterininative  influ- 
ence on  the  size,  position,  shape,  distance, 
brightness,  motion,  etc.  of  the  figural 
object.   In  cases  of  acute  retinitis  where 
only  a  small  foveal  area  is  active  and  un- 
affected, blurring  and  failure  to  perceive 
simple  forms  is  a  frequent  concomitant. 
Yet  in  hysterical  peripheral  anopsia  the 
.active  field  may  be  the  same  size  with  cen- 
tral vision  unimpaired.   The  factors  which 
determine  central  resolution  m.ust  be  not 
merely  the  size  or  functional  integrity  of 
the  central  macular  area,  but  must  lie  in 
the  particular  influence  of  ground  upon 
figure. 

VJithin  a  homogeneous  ground  a  figure  tends 
to  become  as  "good,"  as  stable,  as  simple^ 
as  unitary,  as  resistent  to  distortion  as 
circumstances  will  permit.   This  is  the 
thing  meant  by  closure.   Obviously  changes 
in  figure  (size,  contour  or  shape,  bright-- 
ness,  relations  to  other  portions  of  the 
total  field,  etc.)  may  either  further  or 
reduce  the  course  of  the  process.   For  ex- 
ample the  addition  or  removal  of  a  single 
tree,  or  the  figure  of  a  r.ian  standing  or 
v/alking  av/ay,,  in  a  picture  may  profoundly 
alter  its  character,  its  impression  value, 
its  "composition."   In  drawing,  painting 
and  photography  this  fact  is  well  known, 
but  not  too  well  understood.   The  reason 
is  clear.   Ue  deal,  in  such  cases,  with  the 
whole  complex  set  of  problems  of  perceptual 
organization.   If  we  break  the  organic, 
internal  unity  of  a  visual  pattern,  we  in- 
stigate tensions  within  the  field  which  are 
follov/ed  at  once  by  disjunction.   Closure 
moves  in  the  negative  direction.   Under- 
standing, smoothness,  stability,  unity  of 
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perception  is  gone  -  to  be  replaced  by  con- 
fusion, fog,  an  unrelated  and  comparatively 
m.eaningless  plurality  of  things.   Perception 
becomes  effortful,  awkward^,  and  leads  every- 
where and  nowhere.  Closure  is  the  trend 
toward  smoothness,  simplicity,  stability, 
law  and  order ,   But  it  is  an  approach  to  a 
dynamic  equilibrium.   The  forces  active  in 
shaping  its  course  may  be  many  and  diverse. 
They  may  add  arithmetically  or  algebraically. 

Simple  examples  of  closure  in  per.ception  ms-y 
be  given.   If  the  apex  of  an  equilateral 
triangle  is  sheared  off  and  the  incomplete 
figure  is  shov/n  tachistoscopically  for  10 
milliseconds,,  and  the  observer  drav;s  or  de- 
scribes what  ho  saw,  the  probability  is  high 
that  he  will  drav;  the  complete  triangle. 
Why  does  he  not  draw  two  horizontal  lines  or 
"handles"  from  the  stump  ends  of  the  legs  of 
the  triangle?  Such  a  figure  is  more  diffi- 
cult to  see;  runs  counter  to  the  fact  that 
the  perceptual  grasp  of  the  concept  triangle 
has  been  built  by  movements  of  drawing; 
tracing,  nailing  together  three  pieces^  etc. 
The  external  stimulus  may  be  regarded  as 
serving  merely  to  set  in  motion  forces  al- 
ready predispos,ed  from  prior  art  to  complete 
the  forr,iation  (phenom.enally)  of  the  triangle. 
Perceptual  filling  is  another  nam.e  for  this 
process.   It  is' a  phase  of  the  age-old  part- 
whole  problems  the  problem  of  the  one  and 
the  many.   To  VJilliam  James  is  attributed 
the  statement  that  "everything  coheres  that 
can  cohere;  nothing  separates  expect  what 
must,"   Closure  is  the  trend  toward  this 
state  of  best  possible  internal  -  external 
relations  which  circumstances  will  permit, 

If  v;e  show  tachistoscopically  the  numbers 
arranged  as  they  are  on  the  -face  of  youi' 
watch,  but  with  one  number,  say  the  4,  dis- 
placed out  toward  the  rim,  the  perceiver 
will  in  most  instances  see  and  reproduce  it 
in  its  correct  position.   Spatial  position, 
therefore,  depends  in  part  upon  the  other 
members  and  their  relative  positions  to  the 
displaced  m.ember .   Closure  embraces  the 
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aggregate  of  divers  forces  within  the  field 
which  rnake  for  symmetry,  unity,  coherence. 
A  further  example,  a  simple  form  of  stro- 
boscope is  a  metal  drum  with  evenly  space 
slits  in  its  sides  through  which  a  strip  of 
paper  mounted  inside  may  be  viewed.   On  this 
strip  we  mount  figures  in  successive  posi- 
tions.  IJhen  the  drum  is  revolved  at  an 
appropriate  speed  we  see  apparent  movement. 
If  \Ye  place  single  black  dots  in  the  posi- 
tions of  our  watch  numbers  on  rotation  we 
see  a  single  black  dot  moving  about  in  a 
circle.   If  now  we  again  displace  the  4, 
or  any  number,  there  is  no  jump  or  break. 
Only  the  same  smooth  motion.   ihe  principle 
of  closure  applies  here  too„ 

If  an  ambiguous  or  indifferent  pattern  is 
seen,  what  determines  the  segregation  and 
organization  within  the  perceptual  field? 
numbers  shown  tachistoscopically  often 
furnish  examples.   I  once  showed  this  13 
digit  number  to  Sale  Finkelstein:   5,  714, 
923,  937,  415.   I  have  added  the  commas  be- 
cause alv;ays  Finkelstein  grouped  in  threes 
from  right  to  left.   The  exposure  was  brief 
-  about  0,3  seconds.   His  reproduction  v/as 
instantaneous  and  perfect.   He  reported  that 
"that  one  was  especially  easy,"  because  he 
saw  1942  (Columbus) 39 37  (inches  in  a  meter) 
415  (the  number  of  Pi'ofessor  Renshaw's 
office)  and  all  he  had  to  do  was  to  remember 
the  57;   (He  never  heard  of  Ilr .  Heinz.') 
How  much  of  this  is  ex  post  facto  is  diffi- 
cult to  say.   It  does  not  withsta.nding  illus- 
trate the  fact  that  segregation  and  disem- 
bedding  may  transcend  or  violate  'natural' 
grouping  divisions.   It  is  organization  by 
reduction  through  closure  that  the  length 
and  difficulty  of  the  13  digit  number  was 
substantially  reduced. 

In  other  instances  certain  number  patterns 
"just  go  together"  while  others  remain  mere 
aggregates  of  single  digits.   The  supporting 
frames  of  reference  are  highly  individualized 
and  utterly  unpredictable „   But  there  is 
abundant  evidence  of  their  presence  and  also 
of  their  active  agency  in  shaping  the  final 
course  and  consummation  in  perception. 

Closure,  along  v^ith  the  six  proceeding  prin- 
ciples;!, is  a  very  practical  thing.   Take  far 
point  acuity  and  its  measurement  for  example. 
If  rivalry  is  introduced  anyvvfhere  eccentric 
to  the  line  of  regard,  it  sets  up  a  tension 
gradient  and  the  stage  is  set  for  disjunction, 


The  target  may  then  change  its  phenomenal 
size,  its  relative  position,  its  sharpness 
of  contour,  its  index  of  resolution.   Those 
familiar  with  studies  of  acuity  in  hemianop- 
sia where  pseudofoveae  have  been  developed, 
know  that  the  new  functional  fovea  is  not 
anatomically  determined;  that  resolution  is 
better  from  a  sm.all  E  nearer  the  center  and 
for  a  larger  E  farther  toward  the  periphery; 
and  that  if  the  larger  E  is  now  placed  near^ 
er  the  center,  it  blurs;  and  that  if  speci- 
fic parts  of  the  S  are  fixated  they  may 
suppress  and  disappear.   The  seeing  of  a 
"simple"  shape  is  never  a  simple  process 
visually.   There  is  abundant  food  for  serious 
thought  here.   There  is  also  a  crying  need 
for  extensive,  careful  and  painstaking  re- 
search. 

The  eighth  principle  which  deterr.iines  for- 
mal organization  is  practice ^  training  or 
habit  -  a  factor  of  great  potency.   In 
spite  of  the  fact  that  VJertheimer  published 
in  1923  and  that  laboratory  and  clinical 
evidence  of  the  transforming  power  of  this 
factor  has  grown  year  by  year,  two  recent 
papers p  one  in  a  leading  ophthalmological 
journal  and  one,  an  editorial j,  in  an  optome- 
tric  journal  both  conclude  that  Wertheimer's 
eighth  law  is  untrue,  i.e.  that  visual 
training  is  ineffective  and  hence  it  must 
follow  that  all  visual  functions  are  ana- 
tomically and  physiologically  fixed.   Let 
us  pass  the  question  of  the  competency  of 
the  supporting  evidence  offered  to  substan- 
tiate such  assertions.   Let  us  simply  say 
that  the  existence  of  a  principle  in  natural 
processes  is  questioned  as  to  its  existence. 

Habits  set,  attitude,  temperam.ent,  instruc- 
tion, training  are  factors  which  determine 
figure  -  ground  structurings   Let  us  cite 
a.  few  simple  examples.   The  late  Professor 
Kurt  Koffka  often  shelved  a  class  of  students 
the  figure  belovvr  on  the  screen  for  about 
1/2  second.   Half  the  class  were  instructed 
to  look  for  something  white  and  half  for 
something  black,  and  draw  it. 


Those  who  saw  the  black  figures  T  did  not 
see  the  white  flower  designs,  only  the  T's 
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set  upon  a  weak  and  undifferentiated  v;hite 
ground. 

Professor  F,  C.  Bartlett,  in  his  book, 
Renembering,  cites  abundant  evidence  to  show 
that  if  the  perce:j.ver  is  pessimistic^, 
realistic  or  matter-of-fact,  or  if  he  is 
e:ctr overs ive,  imaginative,  the  elaboration 
or  restriction  of  detail  in  his  reports  v/ill 
follow  this  temperamental  pattern.   In 
Africa  his  studies  of  primitive  peoples 
showed  that  tribes  whose  lives  were  bound 
up  with  the  care  and  possession  of  cattle 
built  their  basic  perceptual  concepts  in 
these  terras,   A  young  soldier  from  the  moun- 
tains of  the  Pacific  llorthwest  told  me  he 
spent  a  year  in  IJew  England  in  a  virtual 
claustrophobia  -  hemmed  in  constantly  by 
the  smallness  of  the  spaces. 

Set  your  observer  to  see  a  few  tachistoscopic 
exposures  of  8  digit  numbers  and  without 
v/arning  show  him  a  6  or  a  10  and  he  com.- 
plains  at  once  that  the  numbers  are  blurred, 
that  something  v;as  wi'ong,  but  he  will  usually 
reproduce  8  digits..   He  v/ill  report  nothing 
unusual  about  adding  two  to  the  six,  or 
omitting  two  from  the  ten.   His  'trouble' 
is  ascribed  to  something  other  than  the 
incompatibility  of  his  set  or  frame  of  re- 
ference and  the  presented  mater ialc   Host 
of  our  semantic  troubles  with  languages 
arise  out  of  the  fact  that  what  a  pattern 
of  words  or  sentences  means  to  me  or  to  you 
depends  so  largely  upon  this  important  fac~ 
tor.   Courts  are  kept  busy  trying  to  tell 


what  the  lawmakers  mean  by  a  particular 
plai'aseology.   The  "iceberg"  theory  -  so 
called  -  holds  that  a  large  fraction  of 
every  percept  is  determined  by  the  uncon- 
scious, non-localizable,  often  non-verba- 
lizable  determinants  that  have  been  built  in 
as  after-effects  through  use,  training, 
habit. 

Hot  only  in  vision  but  in  other  sense  mo- 
dalities a  laboratory  comm.onplace  is  the 
positive  and  negative  time  error.   If  a 
solution  is  tasted,  and  this  is  follov/ed 
too  soon  by  another,  the  qualities  or  in- 
tensity of  the  second  may  be  materially 
changed.   In  sound,  a  succession  of  har- 
monic chords  may  end  with  one  which  by  it- 
self would  sound  dissonant  -  but  it  does 
not  because  of  its  serial  position,   Elxam- 
ples  could  be  multiplied.   Habit,  set,  ex- 
pectation, learning,  trainings  these  are 
powerful  factors  in  field  organization. 
They  operate  simultaneously  with  the  other 
factors  we  have  presented  from  the  work  of 
Rubin,  Hertheimer,  Wulf,  Fuchs,  Bartlett, 
Purdy,  Ilussatti  and  others.   To  assert  that 
such  factors  are  without  force  or  agency 
in  seeing  is  absurd.   The  penalty  of  such 
talk  should  be  one  year  at  hard  labor  in 
the  laboratory.   The  real  scientific  prob- 
lem is  not  "can  sensory  -  cerebromotor 
functions  be  transformed  by  training?" 
but  how  can  this  be  done  m.ost  effectively 
and  what  are  the  limits,   Hext  month  we 
shall  continue  our  discussion  of  figure- 
ground  organization. 
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The  ninth  principle  of  field  structuring  in 
perception  deals  with  the  factors  of  homO" 
geneity  and  inhomogeneity.   Any  object  to 
attain  the  status  of  figure  on  a  ground 
raust  be  segregated  from  the  ground  by  con-» 
tour  lines  sufficiently  sharp  so  that  the 
internal  forces  give  coherence  and  unity 
to  the  figure  object.   The  ground  is  always 
seen  as  a  uniform  and  unbroken  extent  even 
behind  the  figure.   In  the  pair  of  spilt 
stereograms  (VT-1  Series,  No.  5)  with  di- 
agonal rivalry  lines  supporting  two  circular 
figure  objects  the  ground  may  be  observed 
to  move  up  or  down  vertically  with  no  change 
in  the  figure.   If  the  entire  pattern  is 
seen  as  figure,  rivalry  may  be  observed, 
if  only  the  circles  are  seen  in  third  de- 
gree fusion  rivalry  is  immediately  abolish- 
ed in  the  ground.   lie  conclude,  therefore, 
that  rivalry  is  an  essential  characteristic 
of  the  figure  e::perience.   Likewise  viQ    see 
at  once  the  diagnostic  significance  of  the 
use  of  this  type  of  target.   The  myope, 
for  example,  with  weak  or  lov;  capacity  for 
segregation  and  figure  aggregation  will 
characteristically  show  anomalous  project- 
ion (lateral  phoria),  low  rivalry  rate^ 
reduced  stereopsis  levels  slow  fusion  and 
limited  range,  poor  break  and  recovery 
limits.   Small  v\fonder  that  frequently  he 
carries  his  near  point  problem  out  and 
blurs  or  doubles  at  distance. 

Brightness  differences  contribute  greatly 
to  figure  segregation  from  the  otherwise 
homogeneous  ground.   If  the  total  illumina- 
tion level  is  gradually  reduced  contrasts 
are  lessened  and  eventually  if  the  re-^ 
duction  is  sufficient  all  figure  portions 
of  a  picture  return  to  the  undifferentiat=- 
ed  status  of  the  ground.   This  is  the  rea-" 
son  positive  transparencies  are  superior 
as  targets  to  prints  seen  by  reflected 
light.   Figure  objects  are  more  sharply 
etched  because  contrasts  are  enlianced, 
boundaries  sharpened.   Intensity  thus  is  an 


important  factor  in  quality.   This  combi- 
nation of  factors,  at  present,  is  an  almost 
unused  function  in  visual  diagnosis  and 
training.   It  must  be  a  guiding  principle 
for  the  maker  of  test  and  training  mater- 
ials.   If  color  is  added  to  the  objects  the 
figural  strength  is  enhanced.   It  should  be 
recalled,  however,  that  we  have  shown  in 
previous  papers  that  color  and  form  are 
reciprocally  related?  also  that  brightness 
and  color  contrasts  are  antagonistic.   Color 
con bras t  is  at  its  maximum  when  brightness 
contrast  is  minimal. 

Size,  likev\fise,  is  an  important  factor  in 
the  attainment  of  the  figure-ground  struct- 
ure.  The  principle  of  Opt imuia  Levels 
(Pragnanzstuf en)  previously  discussed 
operates  simultaneously  v^ith  the  size-con- 
stancy trend.   Phenomenal  size,  therefore, 
iTiay  give  direct  indication  of  the  total 
operational  r  esolution  of  all  the 'factors 
vjhich  are  combining  to  produce  the  final 
level  of  the  judgment  class  if icationc 

If  you  look  at  a  six  meter  size -constancy 
target  in  a  Disparator,  for  example ^  at 
far  point,  and  m.easure  its  phenomenal'  size 
match  and  then  move  the  near  point  position 
and  m.ake  the  new  judgment,  the  figure  in 
the  near  position  will  be  seen  smaller.. 
Every  principle  of  geometric  optics  de- 
mands that  the  converse  be.  true,   Vihy  then 
the  "paradoxical"  change  in  size?   The  an- 
swer is  to  be  found  in  the  fact  that  the 
ground  or  surround  subtends  a  much  larger 
angle  relative  to  the  figure  at  near.   Every 
good  camera  man  .  loiows  how  to  use  this  fact. 
To  dy-farf  a  large  actress  he  needs  only  to 
increase  the  relative  size  of  the  surrounds. 
Ground,  the  hardly  noticed  portion  of  the 
visual  field,  thus  plays  a  decisive  and  im- 
portant part  in  the  process  of  figure  for- 
mation. 

Reverse  the  process  and  one  may  at  once 
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differentiate  the  critical  plane  in  space 
where  the  visual  habitus  of  the  preceiver 
breaks  down.   Such  a.n  obser^ration  should 
help^  in  a  definite  way,  the  doctor's  de- 
cision regarding  the  often  critical  r;mtter 
of  the  tolerable  or  functional  limit  of  lens 
power  to  be  prescribed  and  worn. 

Figure  inay  also  resolve  into  a  pattern  of 
sub  groups „   The  mechanism  of  this  has  been 
discussed  in  a  previous  paper  (The  Factor 
of  Direction).   The  incubus  to  such  re^- 
finement  of  figure  structuring  is  always 
regarded  as  "from  above",  i.e.,  the  forces 
which  shaj)e  the  sub  wholes  v^fithin  the  larger 
unity  derive  from  the  domination  of  the 
larger  unity.,   This  principle  we  have  also 
considered  previously  and  have  shown  that 
in  biology  the  organism  as  a  whole  imposes^ 
tlirough  dominance  and  isolation^  gradients 
of  chemical,  electrical  and  mechanical 
forces  v/hich  shape  the  'parts'.   Parts  are 
not  units  to  be  summed  or  aggregated  to 
produce  wholes  9  but  wholes  set  the  plan  or 
developmental  and  functional  scheme  into 
vmich  parts  must  fit  or  die.. 

There  is  still  another  very  powerful  agent 
in  the  ultimate  establishment  of  a  figure- 
ground  structure,,   This  is  not  mentioned 
by  Wertheimer„   It  is  emphazised  strongly 
and  logically  from  the  fact  that  even  though 
the  physical  pattern  v,rhich  reflects  light 
to  the  sense  organ  and  is  thence  transform* 
ed  into  a  pattern  of  relatively  slow  moving 
volleys  of  ions  in  the  conductors  and  even- 
tually sets  up  a  pattern  or  electrotonic 
structure  in  the  brain,  yet  may  be  radi-^ 
cally  transformed  by  the  effector  pattern 
of  the  terminal  action^  the  backstroke 
from  which  becomes  the  residual  ground 
which  gives  meaning  to  the  entire  process „ 
This  is  the  vie^Y  of  motor  theory.   To  me 
it  forms  an  essential  supplement  to.con^ 
figurational  principles „ 

Let  us  be  mindful  first  of  the  fact  em- 
phasized by  the  work  of  Beaunis  ,  Pdcher^ 
Stetson  and  others  that  there  is  no 
essential  difference  in  the  properties^ 
attributes  and  operaxional  characteristics 
of  manipulatory  acts  of  skill  and  the 
visual  perception  of  forms.,   Both  begin 
as  undifferentiated  masses.   Both  achieve 
form  and  specification  as  a  result  of  a 
transforming  process  or  series  of  processes. 
If  early  in  the  series  more  than  one  figure 
emerges  there  is  tension  in  the  field.   The 


field  is  multipolar  and  disjoined.   Schumann^ 
and  others  have  shovra  that  it  is<,  in  fact, 
only  necessary  to  orient  the  sensori-motor 
mechanism  as  if  a  second  point  of  light 
v/ere  about  to  appear  in  an  eccentric  posi- 
tion to  a  first  point  in  order  to  produce  in. 
experience  an  essential  but  artificial  di- 
plopia .   Since  this  can  be  done  monocularly, 
the  doubling  m^ust  be  regarded  as  a  central 
function.   It  is  only,  therefore,  when  the 
perfect  harmony  exists  betv;een  the  execu- 
tant motor  processes  and  the  perceptual  ones 
that  the  latter  attain  the  best  state. 

The  motor  block  can  operate  retroactively. 
The  tachistoscopic  exposure  of  an  8  digit 
number  may  be  clear  and  perfect.   If  in 
oral  reproduction  the  perceiver  'stumbles'^ 
or  pauses,  he  will  find  it  difficult  or  im- 
possible to  complete  the  reproduction. 
Knight  showed  that  perfect  im^pression  and 
reproduction  are  defined  by  the  motor  pro- 
cess instigated  even  before  the  appearance 
of  the  stimulus  and  carrying  on  through 
the  successful  and  aesthetically  gratify-' 
ing  consumm.ation.   Figure  formation  is  an 
active  process.   In  the  terminal  stages  of 
maximal  perfection  from  training  any  act  of 
visual  form  discrimination  takes  on  more 
and  more  of  the  motor  and  becomies,  para^ 
doxical  as  it  may  seem,  less  and  less  vis- 
ual.  The  best  see-ers  are,  surprisingly 
enough,  far  poorer  in  visual  imagery  than 
their  less  competent  fellows. 

It  is  often  true  that  functions  seen  in     ' 
pathological  cases  throw  light  on  the 
normal  operation  so  that  we  m-ay  come  to  a 
clearer  understanding  than  vje  may  other- 
wise attain.   One  of  these  is  a,  case  of 
figural  blindness  in  a  man,  24  years  of  &.ge, 
reported  by  Gelb  and  Goldstein.   The  man. 
v^ras  v^founded  by  mine  fragments,  vjas  uncon- 
scious four  days^  treated  for  head  injuries 
and  shock.   After  recovery  he  could  speak 
and  read J  fatigued  easily,  showed  tension 
and  excitement  when  reading!  behavior  other- 
wise fairly  normal. 

He  showed  miarked  difficulty  in  preceiving 
simple  line  drawings  and  could  only  read 
if  he  traced  each  letter  of  each  word  with 
his  finger.   Acuity  tests  were  norm.al. 


llords  shov/n  tachistoscopically  vjere  not 
seen,  either  at  0.01  seconds  or  at  0.5 
seconds.   Long  vvords  often  took  10  second 
exposures.   The  authors  report  that  this 
iiian  could  read  only  if  he  miade  a  series  of 
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head  and  hand  noveinents  v/hich  traced  v;hat 
he  saw.   The  letters  were  traced  one  over 
another  in  the  sane  position,  rather  than 
across  the  line  or  page.   Thus  the  movement 
was  the  primary  thing.   When  prevented  from 
moving  head  or  body,  he  could  read  nothing. 
His  movements  led  to  meaning  only  if  made 
in  the  same  pattern  as  in  normal  v/riting. 
Vlhen  cross  hatching  marks  were  placed 
across  a  word  he  followed  these  lines  and 
lost  all  s  ense  of  the  meaning  of  the  word. 
Simple  forms  had  to  be  traced,  such  as 
triangles  and  circles,  before  he  could 
name  them.   Complex  drawings  vjere  diffi- 
cult for  him  and  all  drawings  representing 
perspective  or  the  third  dimension  were 
without  meaning.   The  authors  do  not  men- 
tion the  attempt  to  use  bimanual  explora- 
tions.  The  patient  was  completely  una- 
ware that  his  visual  perceptions  were 
different  from,  those  of  any  normal  person. 

After-images  of  forms  could  not  be  seen 
and  named  as  forms.   Tried  vjith  both  real 
and  apparent  movements  he  could  report  no 
visual  perception  of  motion.   The  patient 
never  reported  having  any  visual  images 
and  studies  of  copying,  drawing,  etc.^ 
tended  to  confirm  this.   He  could  draw 
well,  but  could  not  copy,  particularly  if 
a  form  was  composed  of  lines  intersecting 


the  figure  objects,  thus  causing  the  'de- 
railing' and  loss  of  meaning.   He  could 
not,  in  fact,  draw  a  single  line  after 
being  instructed  to  do  so.   If  permitted 
to  'trace'  with  head  movements  a  tea  cup 
or  other  common  object  he  could  draw  or  re- 
produce a  type-form  but  not  the  particular 
pattern  shown  him. 

Cases  of  this  type  indicate  the  conse- 
quences of  disjunction,  and  also  the  essen- 
tial role  played  by  movements  in  the  struc' 
viral  organization  and  unification  of  the 
visual  field. 

It  is  of  interest  in  passing  to  note  that 
the  word  myopia  came  into  usage  originally 
to  denote  the  fact  that  the  near-sighted 
strain  and  compress  the  lids.   The  field 
is  disorganized  through  tension,  and  many 
exhibit  a  slowing  of  visual  reactions  that 
is  quite  characteristic.   The  time  factor 
no  doubt  thus  indicates  something  slower 
than  the  rate  of  nerve  conduction.   This 
time  factor  could  be  the  slower  motor 
backstroke,  essential  as  a  necessary  por- 
tion of  the  ground  upon  which  stable 
figures  must  emerge.   Certainly  a  com- 
plete and  thorough  visual  analysis  should 
include  at  least  a  sampling  of  such  essen- 
tial functions. 
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Thus  far  -^ifQ   have  descrihed  some  of  the  la.ws 
and  attrlhutes  of  the  process  of  forming  a. 
figure-ground  structure.   Such  structures 
must  he  regarded  as  existing  In  four  dimen- 
sions, one  of  vhich  Is  time..   Since  the  pro- 
cess of  figure  formation  runs  a  course  in 
time,  and  since  the  forces  which  shape  fig- 
ure exert  influence  only  upon  figure  and 
are  limited  spatially  to  the  boundaries  of 
figure,  the  same  process  which  creates  fig- 
ure organization  will,  if  continued,  ulti- 
mately reach  an  equillhrlum.   As  it  does, 
so  some  other  portion  of  the  field  attains 
figure  status.   No  cell  can  he  active  for 
prolonged  periods  without  rest  or  change.. 
No  stable  organization  can  be  conceived  in 
the  energy  of  the  signaling  system  of  the 
body.   Thus  we  may  see  how  the  so-called 
illusions  of  reversible  perspective  change 
without  any  necessary  or  operative  change 
in  any  accessory  adjustory  mechanism- 
Portions  of  the  visual  field  within  the 
solid  angle  in  which  forms  or  shapes  can  be 
seen  clea^'-ly,  exist  as  ground  in  the  form 
of  masses  of  light  and  shade,   They  are 
practically  unseen  and  unnoticed  and  con- 
seq^uently  lack  sharp  contours ,  differenti- 
ating detail.   They  belong  to  generic  classes 
or  orders .   Their  appurtenance  to  the  total 
view  is  not  derived  from  or  dependent  upon 
their  developmental  properties. 

If  we  make  them  brighter,  bigger,  or  ful- 
fill any  of  the  stipulations  set  forth  in 
the  preceding  five  papers  of  this  series, 
they  tend  to  become  flgural   If  this  pro- 
cess is  reversed  the  return  of  figure  to 
ground,  even  though  no  change  in  position, 
form,  brightness,  size,  etc.,  need  take 
place  for  such  change,  is  marked  by  an  im- 
mediate and  radical  change  in  impression 
value.   All  operational  properties  are  like- 
wise changed.   One  species  of  blurring  need 
be  nothing  more  than  the  perfectly  natural 
change  outlined  above . 


emerge  as  figure  only  on  infrequent  oc- 
casions and  then  only  for  short  durations. 
For  many  people  any  clear  grasp  of  such  a 
concept  as  the  size  of  the  universe,  God, 
the  atom,  etc.,  may  be  rare.   Birds,  even, 
or  English  words  may  be  many  things  to 
many  people  because  it  must  be  realized 
that  habit,  training  and  attitude  are 
weighty  factors  in  the  final  level  of 
strength  or  weakness  and  the  final  exten- 
sity  of  field  organization. 

Blurring  may  be  a  return  to  primitive 
sta.te  of  figure  organization  or  a  recession 
to  ground  masses  that  are  mainly  unformed 
masses,  more  homogeneous  with  the  total 
surrounds  that  any  noted  or  figure  object. 
There  may  be,  of  course,  and  no  doubt  are, 
other  factors  and  types  of  blur ,   But  we 
may  see  the  process  that  resembles  the 
listless  stare  into  space  of  fatigue  or 
boredom  also  as  a  species  of  the  thing 
which  may  be  seen  in  varying  degrees  in 
myopia;-  ground  envelops  the  total  field; 
things  recede  and  blur;  space  closes  in. 

Two  further  facts  must  be  considered.   I 
may  hear  even  soft  spoken  speech  set  in 
the  intense  and  complex  noise  pattern  of 
the  shop  or  factory  or  the  busy  street,  or 
I  may  hear  the  weak  sound  of  an  insect  in 
the  heavy  silence  of  the  deep  forest.   Si- 
lence that  is  heavy  or  oppressive  may  play 
tricks  with  perceptual  structures.   I  well 
remember  my  own  contemplations  once  when 
alone  in  a  huge  silent  amphitheater  in  the 
high  Rockies  and  the  sudden  shift  occasion- 
ed by  a  small  but  salient  and  terrifying 
landslide.   The  absence  of  something  may 
thus  serve  a  positive  role  In  figure  for- 
mation.  Ground,  from  this  point  of  view 
may  be  what  uncritically  some  may  describe 
as  'nothing  at  all'  .   But  such  groujids  are 
real  things ,   They  are  strongly  determina- 
tive of  the  figure  experiences  set  in  or 
upon  them.   They  must  not  be  disregarded. 


For  a  given  perceiver  it  is  conceivable        Secondly,  we  must  consider  the  fact  that  a 
that  certain  classes  of  objects  in  the  world   visual  figure  may  emerge  from,  a  veritable 
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tapestry  of  ground  constituents  which  de- 
rive from  every  other  sense  modality.   Here 
our  knowledge ;  gained  from  careful  experi- 
ment is  fragmentary  and  sketchy.   We  do 
know,  however,  that  the  moment  I  look  to 
identify  a  friend  in  a  streaming  crowd  or 
to  identify  a  speck  on  the  horizon  as  a 
friendly  destroyer  the  sensory,  afferent 
volleys  from  hearing,  taste,  smell,  the 
muscles,  tendons,  joints,  organics,  all  com- 
prise a  non-localizahle,  non-verhallzable 
totality  which  Is  the  ground  for  the  visual 
figure  experience.   Within  the  visual  field 
Itself  are  the  impulses  from  the  extrinsics, 
from  the  ciliary,  etc.,  and  no  one  can  deny 
the  potency  of  their  influence.   Note  what 
happens,  for  example,  to  position,  size, 
form,  etc.,  when  we  inspect  any  common  object 
through  a  semi -pseudos cope.   Any  upset  of 
the  habitual  pattern  relation  of  address, 
posture,  orientation  can  and  does  produce 
important  effects  upon  the  smoothness  and 
skill  of  the  executant  act.   The  potential 
gradient  of  figure  and  ground  must  approxi- 
mate an  optimum.   Ground  can  be  too  weak  or 
too  strong,  too  stable  or  too  flexible. 
Ground,  likewise,  can  be  anomalous  with  re- 
spect to  figure.   When  a  sudden  shift  to 
a  new  figure  finds  it  set  in  a  prior  but 
now  inappropriate  ground  there  can  only  be 
trouble  and  distortion. 

The  pitch  or  set  of  the  ground  may  become 
habitual.   The  distance  factor  for  a  figure 
seen  on  the  plains  of  Montana  or  Wyoming  or 
on  the  undulant  landscape  of  Massachusetts 
will  differ  markedly  for  the  Easterner  and 
for  the  Westerner. 

In  visual  training,  therefore,  it  must  fol- 
low that  cases  should  be  met  in  which  no 
ample  and  adequate  figure  reconstruction  can 
be  attained  until  there  has  been  first  the 
proper  care  taken  to  reorganize  ground.   In 
visual  diagnosis  the  findings  are  bound  to 
be  in  error  by  some  usually  undetermined 
amount  likewise  unless  due  regard  and  pro- 
per handling  of  the  ground  is  taken.   Key- 
stone stereograms  SC  10  and  EC  110  may  be 
cited  as  cases  in  point.   The  ability  to 
fuse  the  targets  in  third  degree  fusion 
differs  markedly  on  the  same  observer.   The 
decentrations  of  the  figure  targets  are  the 
same.   The  ground  relations  differ. 

The  right  kind  of  'skills'  analysis  tells 
you  what  kind  and  how  much  the  anisotropies 
of  space,  motion,  time,  relative  position, 
size,  sharpness,  etc.,  are  derivatives  of 
sets  of  purely  functional  inter-relations. 


Moreover,  it  should  point  the  way  to  every 
step  which  must  be  taken  both  in  lens  appli- 
cation and  training  if  the  patient  is  to 
receive  what  he  has  a  right  to  expect  for 
his  fee.   Whoever  says,  "I  am  not  interested 
in  skills"  therefore  says  simply  he  or  she 
is  not  interested  in  the  most  advanced  and 
scientific  effort  to  use  every  resource  at 
his  command.   Such  talk  is  just  so  much  talk 
and  can  be  disregarded. 

If  proof  is  needed  to  substantiate  the  role 
played  by  figure  formation  and  its  relation 
to  grounds  -  fore,  mid  and  back  -  the  evi- 
dence is  not  wanting. 

( 1 )  If  the  shadow  of  a  hand  and  forearm 
are  cast  upon  a  screen  to  produce  the  phi  - 
effect  (movement  seen  in  the  absence  of  any- 
thing moving)  and  if  now  the  thumb  of  the 
hand  is  flexed  a  few  times,  stopped,  then 
flexed  again,  the  rate  of  the  seen  movement 
is  observed  to  diminish  by  about  one-half. 
If  now  a,ll  the  fingers  and  wrist  are  thrown 
into  active  movement,  the  apparent  elonga- 
tion of  the  arm  stops.   When  movement  is 
strengthened  in  one  part  of  a  field  to  height 
en  the  figural  organization  in  that  part, 
motion  in  the  ground  is  diminished  or  arrestee- 

(2)  In  stereo-tachlstoscopic  exposures  of 

a  truncated  pyramid,  if  the  figures  are  seen 
upon  a,  white  undifferentiated  ground,  the 
minimal  exposure  for  third  dimensional  form 
is  about  that  of  the  visual  reaction  time, 
i.e.,  about  220  milliseconds.   If  now  a  mi- 
crostructure  is  added  as  ground,  depth  may 
be  seen  in  exposures  of  1  millisecond,  even 
by  untrained  observers . 

(3)  In  ambiguous  figures,  where  reservals 
occur  colors  seen  as  figure  .posses  different 
properties  than  the  same  colors  seen  as  grounc 
{h)      In  split  Stereograms  after  fusion  is  a- 
chieved  ground  may  move  or  change  space  orien- 
tation with,  no  change  taking  pla.ce  in  figure. 
(5)   Pictures  possessing  strong  unity,  i.e., 
strong  figural  organization,  resist  the  in- 
trusion or  addition  of  any  extraneous  or  in- 
compatible figure.   I  could  not  affix  stand- 
ard three  meter  K6nig  bars  in  twelve  milli- 
meter patches  to  the  surface  of  a  Eembrandt 
painting.   They  always  stood  out  in  space 
well  in  advance  of  the  picture  plane.   They 
could  be  merged  without  effort  within  an  in- 
ferior painting. 

Case  after  case  could  be  cited.   Targets,  a- 
pertures,  relative  brightnesses  within  fields 
and  other  similar  things  are  real  factors  of 
influence  wherever  eye,  brain  and  muscles 
lead  to  the  report  of  what  you  see. 
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Considering  the  bidimens ional  visual  field, 
figLire  begins  as  one  or  more  masses.   It 
e]:nerges  from  its  ground  by  a  progressive, 
developmental  process  in  the  course  of 
v/hich  segregation  is  enhanced  by  contour 
or  boundary  formation.   Brightness,  con- 
trast, size,  positional  and  other  differ- 
entia all  play  a  strong  part  in  the  pro- 
cess of  the  change  of  _it  to  thing.   When 
does  figure  achieve  its  best  state?   Its 
final  or  eventual  perfection? 

Perfect  figui'e  is  attained  when  all  the  in- 
ternal forces  of  organization  give  to  fig- 
ujre  the  maximum  of  unity.   This  state  is 
measured  by  such  operational  means  as  its 
inertia-factor  or  resisteiice  to  distortion 
or  change,  either  by  alteration  of  the  sur- 
rounds or  by  the  addition  or  subtraction  of 
components  within  the  figure  itself.   Unity 
means  cohesion.    The  "parts"  belong  and 
tend  to  remain  as  one,  losing  their  sepa- 
rate identities  in  the  amalgam  of  the 
whole.   So  saliency,  'hardness,'  domination 
are  properties  of  strong  figure  organiza- 
tion. 

In  a  previous  paper  reference  was  m.ade  to 
a  sim.ilar  function  in  living  biological 
systems:   When  one  'part'  or  region  becomes 
dominant  its  reciprocal  influence  is  to  iso- 
late other  field  structures  and  thus  to  form 
gradient  patterns.   These  are  strongly  de- 
terminative of  both  functional  and  struct- 
ural activities  within  the  entire  system. 

The  close  parallel  to  figure-behavior  with- 
in a  perceptual  field  is  a  striking  and  im- 
portant fact. 

The  strong  em.ergence  of  a  figure  may  dis- 
tort space  relations  v^ithin  a  field.  If 
first  a  strong  pressure  on  the  skin  is  fol- 
lowed by  a  weaker  one  at  some  little  dis- 
tance the  separation  will  be  phenomenally 
less  than  is  the  case  v;here  the  intensity 
ami  time  relations  of  the  tv^fo  stimuli  are 
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reversed.   Visually  it  is  the  same.   The 
whole  system  of  space,  time  and  motion  re- 
lations within  the  visual  field  may  be  shov>m 
eventually  to  be  dependent  upon  the  degree 
and  extent  of  such  field  organization. 

It  will  be  recalled  in  Pavlovian  studies  of 
conditioned  delayed  and  trace  responses 
that  the  experimental  animals,  if  the  per- 
iod of  delay  was  made  too  long,  went  to 
sleep.   This  was  'explained'  neurologically 
as  an  irradiation  of  a  local  sleep,  first 
limited  to  a  small,  restricted  brain  area, 
thence  spreading  to  finally  take  over  and 
dominate  the  whole  cortex.   A  similar  kind 
of  theory  has  been  proposed  to  account  for 
hypnosis.   Going  into  the  trance  is  at 
first  a  figure-fixation  vi?ithin  a  ground  set 
j.n  the  direction  of  lower  and  lower  m^uscle 
tonus.   The  final  somnambulistic  stage  is 
one  resembling  the  extension  of  figure  to 
fill  the  entire  field.   Figure  has  so  com- 
pletely dominated  that  it  has  suppressed 
ground. 

In  the  simpler  instances  of  the  two-dimen- 
sional visual  field  the  growth  of  figural 
strength  may  be  observed.   A  variation  of 
one  of  Titchener ' s  stereo  experiments  will 
illustrate.   If  we  look  at  this  figure  in 
any  stereoscopic  device 


when  superposition  of  lines  1  and  3  is 
attained,  4  and  2  are  said  to  fuse,  i.e.  a 
new  line. is  seen,  shorter  and  in  a  plane 
nearer  the  observer.   The  third  visual  di- 
mension thus  must  be  a  phenomenon  whose  be- 
havioral 01'  operational  properties  are  to 
be  sought  in  the  descriptive  facts  of  field 
structuring  or  f  ield-d\Tiamics  . 

I  have  shown  that  if  lines  4  and  2  are  m.ade 
qualitatively  different  enough  (Even  so  sim- 
ple a  change  as  position  is  enough,')  'fus- 
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ion'    actually  never    takes    place   but    the 
emergence   of    the   third   dimension   is    alv;ays 
raarked  by  the   sane   process    seen   in   the   sim- 
plest phi    or   phenomenal   movement    case,   nam.e- 
ly,    the   alternation   of   the   tvjo    lines    as 
figures . 


II 


If  now  we  make  one  small  change 
left  pair  like  this; 


Draw  the 


n 


Use  as  thin  lines  as  you  please  so  that 
they  are  just  visible.   How  no  such  conse- 
quences follov/  as  before.   Line  2  is  still 
there  as  it  was  originally,  but  its  role 
is  such  as  a  component  of  a  rectangle  or 
stronger  unity  that  it  is  not  "fi-ee"  to 
"v/ork*  with  4.   IIo  depth  is  seen. 

Blacken  in  the  rectangle  and  the  figure 
unity  or  resistence  to  distortion  is  still 
greater.   'Fusion'  is  not  only  impossible, 
but  luster  may  easily  be  seen,   Thsit  is  the 
surface  black  of  line  4  nay  be  transformed 
into  the  filmy^  transparent  black  of  luster. 
Here  in  such  instances  we  see  how  figure 
may  develop  form,  unity,  inertia,  resistence 
to  distortion,  and  in  so  doing  exert  strong 
influence  to  reorganize  the  field  beyond 
its  own  limits,   I  strongly  suspect  that 
this  is  the  phenomenal  origin  of  at  least 
some  of  the  anisotropies  of  space,  form, 
position  and  movement.    Figures  can  be 
weak  or  strong;  transitory  or  persistent. 
They  are  the  experiential  paradigms  of  the 
aggregation  and  segregation  of  forces  v;ith- 
in  the  sensory-cerebro-motor  mechanism. 

Thus  far  we  have  dealt  mainly  with  rela- 
tively simple  two-dimensional  fields.   In 
the  three  dimensional  v;orld  the  organiza- 
tion is  more  striking.   I  look  out  my 
fourth-floor  window  upon  the  sharply- etch- 
ed gray-brov.n  trunk  of  a  large  tree,  strong- 
ly emergent  from  the  green  grass  which, 
from  my  perspectival  point  of  vantage,  slopes 
up  and  out  behind  the  tree.   But  the  green 
grass  sheet  is  broken  by  a  network  of  brick 
walks  over  which  miniature-appearing  stu- 
dents are  hurrying  to  and  from  classes. 
Buildings  and  streets  set  boundaries,  ex- 
cept for  a  central  gap  through  v^fhich  space 
reaches  out  to  a  distant  tov;er  behind  which 
the  sky  bends  down  to  m.eet  the  earth.  How 
much  of  this  is  foreground  -  so  greatly  im.- 
portant  in  forming  the  total  'picture'  that 


I  see?  How  much  is  background?  liidgroundl 
Vfhat  would  the  vector  quantities  look  like  ■ 
on  a  three  or  four  coordinate  system? 

Speculation  runs  on.   Before  me  is  a  nev'i 
roll  of  decent-size  color  film.   The  day 
is  clear.   I  should  like  to  record  this 
scene  in  color  stereo.   But  my  camera  has 
an  80  mm  +  1:2,8  Tessar  lens.   At  what  PD 
shall  I  expose  the  left  and  right  views  so 
as  to  give  least  distortion?   Can  I  recreate 
the  scene  at  all  to  any  reasonable  degree 
of  tri-dimensional  fidelity  with  this  equip- 
ment, «•  or  shall  I  bring  out  the  17  inch 
8  X  10? 

I 

My  problem,  or  that  of  anyone,  is  only  in 

part  the  problems  of  optics,  of  exposure, 
of  stops,  of  focal  lengths  of  lenses,  or 
of  appropriate  stereo  demand-meeting,   I 
must  make  something  v/hich  on  a  large  screen 
approaches  the  perfection  of  taking  the 
observer  empathically  into  the  figure. 
Geometric  optics  can  help  but  it  cannot 
tell  but  part  of  the  answers  to  the  highly 
important  questions  relating  to  how  some- 
thing can  be  made,  v;hich  when  viewed,  will 
give  me  the  sarnie  figure-ground  pattern  -=• 
(of  such  complication.-)  that  a  moment  ago 
showed  me  a  new  facet  on  v;hat  probably 
vvas  the  ten  thousandth  time  I  have  looked 
at  this  'same'  scene  in  the  past  twenty- 
one  3''ears,   And,  more  difficult  still  is 
to  make  something  which  will  be  easy  for 
one,  viewing  the  scene  for  the  first  time^ 
to  reintegrate  the  pattern, 

-i 

Me   would  not  dare  to  forget  that  one  rea- 
son my  photographic  task  is  so  difficult  is 
that  the  tri-color  pile  of  the  color  film 
emulsion  and  the  con-ected  objective  of  my 
camera  record  with  great  fidelity  the  wave- 
lengths, intensities,  and  angular  spaces. 
But  my  eyes  and  brain  and  muscles  do  not 
do  this.   They  correct,  discount  and  am* 
plify.   Ho  one  yet  has  built  a  camera  lens 
incorporating  a  correction  for  size  and 
form  constancy.   Ho  one  has  made  an  eiiiul- 
sion  to  coi'rect  for  brightness  and  color 
constancy.   But  these  are  the  external 
verities  we  see.   These  are  also  the  infer- 
nal factors  which  cause  us  to  say  "not  a 
good  likeness  of  the  scene,"  or,  "the  dis- 
tant tower  is  far  too  close;"  "the  color 
is  wrong, "  etc. 

Space,  we  must  realize,  is  an  abstract  way 
of  saying  that  we  have  from  infancy  built 


Page  7f47.  -  Figure  And  Ground  (Part  VI I )  -  Vol.6  No.  8 


up  around  a  visual  natrix,  an  intricately 
structured  set  of  behavior  patterns,   V/e 
should  be  wrong,  from  our  point  of  view, 
to  hold  that  it  is  a  formal  lattice  in 
whose  framework  are  set  the  contextual 
objects  we  see.   The  objects  themselves 
only  are  objects  after  they  become  corti- 
cal objects  and  space  folds-in  precisely 
as  the  dynamic  interplay  of  forming  forces 
permits » 

It  is  the  contention  of  the  writer  that 
however  valuable  stereometric  devices  are 
that  measure  only  decentration  or  relative 
or  coordinate  displacement,  they  tell  only 
a  fragment  of  what  one  wants  and  needs  to 
IcQow  about  the  visual  perception  of  figure- 
groiind  structures  and  their  anomalies.   It 
is  further  contended  that  if  full  and  com- 
plete description  of  what  is  seen  is  se- 
cured from  a  few  carefiilly  chosen  and  pro- 
perly m.ade  stereograms  a  close  approxima- 


tion to  the  true  appraisal  of  the  observers 
seeing  proficiency  can  be  obtained.   It  is 
further  held  that  direct  measurement  and 
description  of  total  functions  is  a  sounder 
procedure  than  is  the  algebraic  sumniation 
of  what  are  assumed  to  be  the  measured 
essential  sub-parts  of  the  v;hole  function. 

Earlier  it  was  stated  that  a  further  differ- 
entlation  of  figure  and  ground  lies  in  the 
characteristic  differences  in  their  con= 
trasting  behavior  in  retention  and  recall. 
The  work  of  Kohler,  in  his  series  of  ex- 
periments describing  figural  after-effects, 
both  in  two  and  three  dimensional  space, 
is  so  outstandingly  important  that  we  shall 
attempt  to  summarize  these  contributions 
in  the  next  few  papers .   This  work,  in  the 
opinion  of  the  writer,  will  be  recorded  as 
one  of  the  truly  great  contributions  to 
visual  science. 
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The  concept  of  figure  formation^,  in  one 
sense^  is  as  old  as  von  Ehrenfels'  form- 
ulation^ about  1890^  of  the  idea  of  form- 
quality.   One  of  the  significant  proper- 
ties; said  hO;  of  any  perceived  object  was 
its  form,.   This  form-quality  could  be  more 
-  and  in  some  instances  less  -  than  the  sum 
of  the  object  parts. 

Now  one  of  the  basic  facts  about  figural 
forms  is  that  form  is  not  dependent  upon  or 
determined  by  the  constituent  'parts. ' 
From  this  it  follows  that  forms  are  trans - 
posable.   Transposition  means  that  form  can 
■be  abstracted  and  generalized.   A  specific 
form  in  one  setting  can  be  taken  over  into 
a  new  setting  or  in  the  same  setting  dif- 
ferent parts  can  comprise  a  similar  or 
even  an  identical  form.   This  may  be  clear- 
ly seen  in  musical  composition.   A  melody 
in  the  key  of  C  can  also  be  played  in  G; 
or  F#.   The  listener  hears  the  melody  as 
the  sajne  although  the  keynote  or  pitch  has 
changed  and  the  frequency  relations  of  the 
separate  constituent  tones  has  likewise  be- 
come something  physically  quite  different. 
Tears  came  to  the  eyes  of  a  17  year  old 
girl  who  for  the  first  time  in  her  life 
could  read  the  hymn  numbers  without  lenses 
from  the  rear  of  the  chapel.   She  has  been 
pronounced  a  high  myope  for  whom  it  was 
said  nothing  could  be  done   Yet  in  two 
weeks  of  trainings  principally  with  Koenig 
bars  and  green  and  black  rings ^  Important 
gains  in  far  point  vision  were  noted.   The 
important  thing  is  that  when  form  is  master- 
ed as  a  manipulation  of  visual  space ^  it  is 
unimportant  what  kind  of  shapes  are  used  in 
training.   This  is  because  of  the  transpos- 
ablllty  factor  mentioned  above. 

The  importance  of  this  general  law  of  form- 
al transposition  is  great.   That  it  is  not 
well  understood  may  be  illustrated  by  a  let- 
ter recently  received  in  which  it  was  stat- 
ed that  a  person  giving  a  course  of  lectures 
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asserted  that  in  training  myopes  to  see 
forms  at  di stance ^  letters  or  numbers 
should  never  under  any  circumstances  be 
used!   It  would  be  interesting  to  examine 
the  supporting  evidence  (if  any  exists) 
for  such  an  assertion.   Such  statements  can 
be  disregarded  since  for  fifty  years  every 
student  of  visual  form  perception  has  seen 
abundant  and  convincing  evidence  of  the 
principle  of  figural  transposition. 

Not  only  are  figures  transposable  extrln- 
sically,  but  they  also  possess  an  important 
intrinsic  property  of  transposabllity .   For 
lack  of  better  understanding  of  the  process 
this  is  sometimes  called  meaning .- 

Let  us  illustrate.   My  study  window  faces 
the  west.   Below  is  a  flower  garden.   Here 
is  a  row  of  pansies  -  of  many  colors  and 
forms.   If  we  stand  a  dozen  or  fifteen  feet 
and  face  the  row  of  flowers  at  a  right 
angle;  on  the  right  is  a  cluster  whose  ap- 
pearance startles  us.-   They  are  human  f a.ces . 
One  in  particular  looks  like  Mickey  Mouse, 
another  a  caricature  of  Stalin.   Now  let  us 
slowly  walk  forward-   We  soon  reach  a  point 
where,  within  a  range  of  a  few  inches,  the 
pansy  head  is  no  longer  seen  as'  a  face   The 
masses  of  color  and  brightness  and  line 
which  formed  the  faces  are  replaced  by  sep- 
arate patches  of  color,  separate  radial 
lines,  separate  petals,  etc.   Unity  has  dis- 
appeared to  be  replaced  by  a  different  kind 
of  thing   Now  come  with  me  inside.   I  pro- 
ject on  the  screen  a  2x2  black  and  white 
slide  of  the  same  pansy.   The  image  is 
sharp  and  clear   I  begin  closing  the  iris 
diaphragm  and  the  screen  is  gradually  dark- 
ened.  Soon  a  point  is  reached  where,  sud- 
denly and  without  warning,  a  face  replaces 
the  flower      '    .,  ■ 

We  make  another  experiment.   This  time  the 
lens  tube  is  shortened  as  far  as  it  will  go 
and  the  projector  fu-rned  on.   Yoi;  see  only 
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a  central  patch  a  little  brighter  than  the 
rest  of  the  screen.   I  take  the  tuhe  out  a 
little  in  the  direction  of  clear  focus.   A 
little  more   A  little  more.   Again  you  sud- 
denly get  a  face  -  it  came  out  of  'nothing' ^ 
i.e.  mass,  blur.   We  continue  on.   Soon  we 
reach  another  point.   The  face  is  gone.   It 
Is  now  a  pansy. 

These  qualitative  perceptual  differences 
indicate  clearly,  it  seems  to  me,  that  there 
is  an  important  intrinsic  transposability 
within  every  form.   For  men  and  women  of 
perceptual  range  and  nimbleness  there  may  be 
numerous  transitional  forms,.   For 
Wordsworth's  Peter  Bell  and  his  kind 

"A  yellow  primrose,  by  the  river's  brim, 
A  yellow  primrose  was  to  him, 
and  nothing  more „ " 

The  faces  emerge  from  the  pansy  because  the 
masses  of  simple,  primitive,  early,  undif- 
ferentiated stages  of  perception  fit  most 
readily  the  stereotype  fraiue  of  reference 
The  face  is  lost  just  as  soon  as  detail, 
contours,  colors  segregate  the  'parts'  and 
this  now  best  fits  the  classification 
' pansy . ' 

The  act  of  perceiving  form  is  therefore  a 
single  process  in  part  dependent  upon  the 
organization  of  the  physical  object,   That 
is  to  say  the  size,  position  in  the  total 
field,  colors,  brightness,  contours  and 
contrasts,  etc.,  start  to  give  final  form. 
But  not  until  the  sensory-cerebro  -  motor 
portion  of  the  process  within  the  perceiver 
is  completed.   The  terminus  of  the  process 
may  be  naming  the  object,  further  segregat- 
ing it  and  strengthening  it  as  figure,  or 
conversely  classifying  it  as  or  aggregat- 
ing it  with  the  ground  as  some  other  por- 
tion of  the  field  becomes  figure,.   This 
relation  between  the  object  out  there  and 
the  cortical  object,  i  e.,  the  object  as 
phenomenally  experienced,  was  claimed  by 
Wertheimer  to  be  Isomorphic,  and  molar.. 
Issue  can  be  taken  with  isomorphism  on  the 
ground  that  it  implies  a  strict  dualism 
of  object  and  perceiver  which  many  deny. 
And  there  is  the  disregard  of  the  fact  that 
the  whole  process  is  antecedent  and  instig- 
atory  to  the  consummation  -  the  fact  that 
the  perceiver  does  something  about  what  is 
out  there.   He  may  name  it,  group  it,  look 
more  closely,  or  turn  away.   But  it  is  al- 
ways this  thing  he  does  and  its  consequences 
subsequently  that  are  of  the  greatest  im- 
portance.  The  greater  the  skill  in  figure 


formation  the  more  ready  and  effective  a 
man  is  to  deal  with  his  world   We  contin- 
ually emphasize  the  point  that  often  the 
most  rapid  and  effective  way  to  reorganize 
the  processes  of  perceiving  is  to  begin  by 
setting  in  order  the  executant  motor  pro- 
cess which  the  figural  impressions  are  ul- 
timately to  instigate  and  energize.   Con- 
versely, as  you  can  easily  demonstrate,  the 
surest  way  to  hamper,  interfere  or  even  an- 
nihilate the  process  is  to  follow  the  im- 
pression at  once  with  a  blocking  or  hesita- 
tion or  the  introduction  of  an  incompatible 
movement.   Knight  showed  in  his  disserta-  , 
tion  that  the  foreperiod,  the  things  the 
perceiver  does  before  the  impression,  and 
the  things  he  does  after  the  cessation  of 
the  impression,  are  just  as  strongly  de- 
terminative as  any  phase  or  aspect  of  the 
impression  itself.   Facts  of  this  type  are 
highly  important  in  all  visual  training 
work ,   You  must  work  with  them  to  get  good 
and  lasting  results 

From  the  above  it  will  be  seen  that  the 
writer  was  hard -put  for  a  simple  answer  re- 
cently when  a  letter  was  received  from  a 
young  man  who  practically  demanded  that  I 
send  him  a  list  of  exact  specifications  for 
the  correct  making  of  targets  to  be  used  in 
diagnosis  and  training  so  that  the  correct 
and  most  effective  relations  of  figure  and 
ground  structure  would  be  had  in  each   Ob- 
viously, targets  can  be  made  and  some  have 
been  made,  which  present  certain  planned  re- 
lations .   But  even  these  will  only  give  the 
kind  of  results  which  follow  upon  the  proper 
handling  by  the  operator.   No  target  ever 
can  or  will  be  made  for  perceptual  training 
which  can  be  routinely  used  in  a  nickel-in- 
the-slot  fashion,.   The  essence  of  the  whole 
matter  is  that  materials  and  instrujnents  of 
whatever  sort  are  only  tools,  instrumen- 
talities which  give  one  results  in  the  hands 
of  an  expert  and  a  dismal  other  sort  in  the 
hands  of  the  novice  who  does  not  possess  or 
use  the  requisite  knowledge  and  skill. 

The  proper  control  of  the  process  of  figure 
formation  and  figure -articulation  is  more  a 
matter  of  control  of  what  the  perceiver  does 
than  it  is  of  the  type  of  stimulus  figure 
employed.   There  are  of  course  well  known 
factors  which  must  be  taken  into  account  in 
the  making  or  selection  of  proper  training 
materials.   But  often  it  is  implied  that  an 
impression-figure  contains  within  itself  the 
sole  determining  factors  that  produce  some 
specific  effect.   This  is  probably  rarely 
if  ever  true.   For  example  peripheral  sum- 
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matlon  has  proyen  to  te  a  most  effective 
and  useful  technique  in  the  reduction  or 
elimination  of  myopia,.   There  are  several 
ways  the  desired  effect  can  be  produced 
At  present  no  one  can  safely  say  that  pro- 
cedure and  material  No.  1  is  30^  superior 
to  procedure  and  material  No.  2  for  any 
specific  subjecto 

The  discussions  of  these  papers  in  volumes 
5  and  6  are  written  to  show  new  horizons; 
new  problems  and  ways  of  attacking  problems 
in  seeing.   It  must  be  realized  clearly  that 
many  of  the  questions  which  arise  as  we  read 
or  write  such  papers  can  only  be  answered  by 
much  careful  work  -  research  of  the  best  and 
m-ost  carefully  planned  type   Valuable  as 
clinical  experience  and  insight  Is;  it  alone 
can  never  give  the  answers   It  lacks  the 
essential  controls,  differentiations.   It 
does  well  what  the  laboratory  alone  can  not 
do .   Both  working  together  are  ca.pable  of 
producing  results  of  great  practical  and 
theoretical  value ,   I  am  convinced  that  as 
of  19^6  we  are  doing,  with  certain  Isolated 
exceptions,  next  to  nothing  about  it. 

This  paper  represents  the  three-quarter 
post  in  Vol  6  of  this  series.   Some  of  the 
laws  and  facts  of  the  figure -ground  relation 
have  been  described  and  commented  upon,, 
These  papers  were  written  because  of  the  con- 
viction that  this  new  step  in  the  direction 
of  theory  holds  the  potentialities  of  rich 
rewards  for  the  future  ,   Now  Is  the  time  to 
master  the  fundamentals  -   to  be  ready   It 
IS  a  simple  statement  of  fact  that  we  have 
witnessed  effects  produced  in  the  laboratory 
in  a  short  time  by  experiments  designed  up- 
on these  principles  which  one  or  two  years 
ago  we  would  have  regarded  as  impossible  - 
change,-  in  acuity,  in  phorias,  in  third 
degree  fusion  limits,  and  in  other  high- 
ly important  visual  functions.   We  feel  that 
we  have  made  only  a  mere  beginning;  that  we 
have  before  us  years  of  careful  work  to  do 
to  be  ready  to  speak  with  finality;  that 
those  who  conclude  prematurely  and  finally 
as  does  Dr  ,  A>  C ,.  Woods  that  "visual  train- 
ing is  useless  and  ineffective"  in  training 
the  myope  to  see  at  distance,  have  no  just 
right  to  make  such  untested  statements. 

Consider,  for  example,  the  mathematicians 
null  hypothesis.   An  event  Z  is  presumed  to 
be  causally  related  to  C  which  operates  in 
the  presence  of  A,  B  and  D  and  E,.   To  prove 
that  C  produces  Z  Independent  of  the  agency 


of  A,  B,  D  and  E,  C  must  be  reduced  to 
zero  in  order  that  we  may  be  assured  that 
C  and  not  A,  B,  D,  or  E  is  the  significant 
contributor  to  the  effect  Z= 

D,-  Katz  has  proposed  a  similar  methodolog- 
ical principle  called  reductlonism.   If 
you  wish  to  study  contrast  effects,  unin- 
fluenced by  area,  contours  and  other  'error' 
sources  then  the  pure  contrast  effect  must 
be  reduced  or  freed  from  all  other  possible 
Influences ., 

Thus  to  say  as  I  recently  heard  a  leading 
ophthalmologist  say  that  near  sighted  per- 
sons, after  training  which  Improves  their 
vision  even  to  the  point  where  minus  lenses 
are  no  longer  needed,  are  still  myopes,  is 
a  statement  which  clearly  calls  for  both 
his  definition  of  category  of  myopia  and 
proof  that  the  final  classification  meets 
such  an  accepted  definition   Resolution 
Is  not  a  satisfactory  criterion  since  a 
hundred  myopes  with  the  same  Snellen  or 
K(3enig  acuity  will  vary  widely  in  the  lens 
power  needed  to  give  them  acceptable  or  ap- 
proximately normal  acuity,   Likewise  static 
retinoscope  is  not  satisfactory  because 
another  hundred  who  'scope''  the  same  will 
vary  widely  in  ability  to  see' at  distance, 
The  subjective  finding  is  similarly  un- 
satisfactory.  Few  could  or  would  accept 
and  wear  the  pure  subjective  as  taken  cus- 
tomarily.  What  mathematical  equation  can 
therefore  be  lA/ritten  to  com.bine  these  three 
or  any  number  of  such  findings  into  a  single 
measure  which  falls  within  the  precise  limits 
which  define  myopia,  or  any  visual  anomaly? 

Here  is  a  person  who  sees  singly,  binoc- 
ular ly  and  clearly  at  far  and  at  near.   No 
lens  that  can  be  placed  on  him  will  add  to 
his  ccmfort  or  visual  effectiveness.   How- 
can  such  a  person  be  anything  but  visual- 
ly normal?  Figure  must  be  rega.rded  as  an 
energy  distribution  in  space  which  approach- 
es an  equilibrium.   It  will  tend  to  ap- 
proximate its  best  state..   When  the  ground 
is  weakened  or  strengthened  as  reduced  in 
area  changes  in  figure  are  conventionally 
noted..   Figure  and  ground  are  not  two  things 
-  two  geographical  loci.   They  are  the  des- 
criptive names  for  portions  of  the  total 
field  and  are  operationally  defined.   The 
description  of  them  in  perception  is  but 
a  part  of  the  whole  story..   Their  behavior 
in  retention  and  recall  will  ne.xt  be  ex- 
amined. 
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It  is  doubtful  if  one  can  readily  think  of 
any  concept  v^hich  has  so  many  bearings  on 
■visual  processes  as  the  mechanics  of  the 
formation  of  a  figure  on  a  ground. 

In  the  series  of  papers  on  this  topic  we 
have  tried  to  review  a  part  of  the  develop^ 
ment  of  this  type  of  thinking  from  theory 
and  experiment.   We  shall  need  to  discuss 
a  further  phase,    .        ,. 

Out  there  in  the  world  beyond  the  limits  of 
our  bodies  are  objects  which  reflect  light 
and  excite  our  distance  receptors^   The  blue= 
green  pottery  pitcher  across  the  room  from 
me  I  class  as  a  pitcher^  although  not  set 
in  the  baseball  frame  and  although  it  is 
filled  with  garden  flowers  it  would  demand 
some  effort  to  name  it  a  vase.   At  any  rate 
it  has  a  distinctive  shape  or  form,  a  bulg" 
ing  base^  a  long  cylindrical  neck^  a  spout 
and  a  graceful  handle,, 

If  I  wish  to  record  faithfully  this  shape 
by  a  sketch  or  drawing,  I  m.ust  look  at  it 
carefully  enough  so  that  the  above  named 
"parts"  are  correctly  disposed  in  space. 
Otherwise  my  sketch  will  not  closely  dup- 
licate the  original  form.    Only  as  I  can 
project  the  light  pattern  which  reflects 
to  my  eyes  from  this  object  in  their  true 
relations  do  I  see  the  pitcher.   If  T   watch 
a  five  year  old  boy  in  his  effort  to  draw 
the  same  pitcher  I  see  him  quickly  in  diffi- 
culties v/hich  are  prima  facie  evidence  of 
the  stage  of  development  of  his  ability  to 
"see"  the  object.   One  thing  he  has  only 
partly  learned  thus  far:   He  cannot  shift 
from  the  impression  or  looking  phase  of  the 
process  to  the  executant  motor  act  of  mak^^ 
ing  strokes  with  crayon  or  pencil  v^hich  in 
tactual,  kinaesthetic  or  motor  terms  is 
designated  as  the  same  as  was  seen  in  the 
original. 


ITow  let  us  keep  in  mind  this  fact,   llhen 
university  students,  without  visual  con- 
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trolsj  learn  to  trace  a  maze  pattern  in  a 
learning  experiment,  they  come  to  know  the 
space  relations  of  the  maze  paths  in  tac= 
tual  =  kinaesthetic-motor  terms,   VJhen  they 
see  the  me.ze  for  the  first  time  it  is  always 
true  that  they  are  surprised.   The  visual 
appearance  of  the  maze  is  nothing  much  like 
the  total  impression  formed  from  tracing  it. 
One  good  and  sufficient  reason,  of  course, 
is  the  fact  that  only  a  small  portion  of  the 
maze  pattern  can  be  felt  or  touched  at  any 
one  time^  while  visually  the  pattern  is 
seen,  if  at  all,  as  a  whole,,   Another  rea= 
son  is  that  we  strongly  suspect  that  in  the 
evolution  of  our  sense  organs,  the  distance 
receptor  v^^hioh  fails  to  report  impressions 
which  localize  things  in  space  and  give  ac= 
curate  form-representations  leaves  the  or- 
ganism in  poor  state  to  prepare  for  flight, 
defense  or  manipulative  control.   The  en- 
tire process  of  "seeing"  thus  is  helpful  m 
so  far  as  the  final  dispositional  movements, 
we  Tiake  to  any  object-stimulation  are  a= 
ligned  with  the  basic  set  or  objective  which 
runs  through  the  whole  course  of  the  action 
stream.   The  prism  experiments  (Stratton^ 
et  al , )  early  testified  to  that. fact. 

The  history  of  the  experiments  on  space 
localization  on  the  skin,  in  hearing  as  well 
as  in  vision  gives  us  further  clues  that 
where  we  put  the  figure  object  is  a  func= 
tion  of  field  structure, 

lie  must  think  of  the  whole  sensory-cerebro- 
motor  system  as  a  complex  force  field.  Furth'er 
we  must  remember  that  movement  is  the  very 
essence  of  all  mental  life;  that  the  "com= 
mon  denominator  of  meaning"  is  kinaesthesis 
(Titchener)  and  that  these .important  after= 
effects  of  .serial  actions  are  diffused,  poor- 
ly localized  and' still  more  difficult  to 
describe.    They  are,  for  the  most  part,  the 
Gtviff  from,  which,  as  the  all  important 
ground,  figures  emerge. 

Let  us  remember  too,  that  heretofore  we 
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have  emphasized  that  the  energy  density  pat.- 
tern  received  by  the  sense  organ  is  not  and 
cnnnot  be  transraitted  in  the  precise  form 
it  is  first  received  at  the  sensory  surface. 
The  afferent  pattern  of  volleys  in  the  nerve 
are  relayed  again  and  again  before  they 
reach  the  brain  cortex.   They  are  also  ad- 
mixed with  those  from  the  skin,  tendons, 
joint  surfaces,  the  ear,  the  semicirculars, 
etc.   The  brain  pattern  of  active  energy 
distribution  as  I  regard  the  blue-green 
pitcher  of  shasta  daisies,  calendulae  and 
coreopsis^  emphasizing  only  the  pitcher's 
shape,  not  its  color,  or  texture,  or  weight 
or  volume  or  temperature,  is  in  all  proba- 
bility one  in  which  there  is  a  cortical  re- 
gion of  high  potential  enclosed  in  a  field 
of  energy  flov/,  more  loosely  organized,  so 
that  the  focus  or  center,  (i,e„  the  corti- 
cal object)  is  bound  by  forces  all  orient- 
ed toward  the  centei*  of  this  central  high 
region. 

There  is  nothing  strange  about  the  concept 
that  m  a  living  protoplasm.ic  system  such 
a  region  becomes  dominant  and  relatively 
isolated  by  the  subordination  of  adjacent 
regions,   lie  have  discussed  this  in  previous 
papers  of  the  series,   Kohler  has  shown  that 
if  the  brain  is  regarded  as  a  solid  conduC'^ 
tor,  the  spread  of  potential  within  such  a 
s^^tem  v^fill  produce  such  a  design  of  or  ran- 
ization  if  the  transferred  energy  pattern 
from  the  sense  orran  is  shaded  or  oattern- 

lat h ,: 

ed  and  if  the  region  y^ithin  the  solid  con<= 
ducting  mechanism  has  a  uniform  conductivity. 

It  is  well  known,  for  example,  that  if  we 
think  of  a  space-solid  v^fith  coordinates  x, 
y  and  z  intersecting  at  its  center  and  if 
there  is  a  region  which  is  highly  active  on 
the  +  X  vector  (say,  from  a  region  in  chron- 
ic high  tonus)  and  a  sm.all  and  not  too  strong 
locus  on  =X  not  far  distant  from  0  is  ac- 
tivated, the  apparent  position  of  the  second 
locus  will  be  shifted  to  the  right.   Its 
rate  and  amount  of  positional  deformation 
vjill  be  defined  by  the  arec.s,  time,  inten- 
sity and  other  operational  attributes  which 
define  the  relations  of  the  two  energy  foci. 
This  is  the  paradigm,  of  a  phoria. 

In  such  a  system  with  two  separate  figures'' 
in  a  single  enclosing  ground  tensions  will 
be  form.ed  so  that  space  is  less  free;  move- 
m.ento  are  restricted;  sizes  will  be  altered; 
apparent  distance  changes  (Z  -  axis  vectors) 
m.ay  follow.   The  only  possible  criticism  I 
can  see  that  can  be  legitim.atoly  levelled 
at  the  conceot  of  "ohoria  as  a  suace  ani- 


sotropy  xs  that  our  present,  concept  does 
not  go  far  enough.   Vie  neglect  ■^h'^   Z-axis 
and  treat  X  and  Y  as  tv;o  distinctive  var- 
ieties of  things.   Actually  I  should  like 
to  submit  the  notion  that  our  Size-Con^ 
stancy  measurements  and  our  phoria  measure- 
ments as  planar,  latereil  and  vertical  space 
-  -  displacem.ents  are  phases  of  one  and  the 
same  tri-dimensional  phenomenal  space.   Fur^ 
ther  that  whenever  the  relations  between 
figural  loci  are  altered  by  any  means  there 
will  be  a  corresponding  alteration  of  the 
external  reference  or  projection  of  their - 
relative  positions.   Finally,  it  also  fol- 
lows that  because  of  my  height,  weight, 
and  habitual  m.usular  reaction  pattern,  in 
fact  my  general  make-up  as  a  moving,  active  '; 
animal^  the  space  world  v-fhich  I  set  up  as 
my  empathic  lattice  will  stabilize  and 
stereotype  certain  of  these  intra-field 
relations.   This  is  sufficient  to  insure 
that  independent  of  what  I  see,  where  I 
see  it  in  relation  to  other  portions  of 
the  field  will  be  a  direct  function  of 
the  inherent  organization  of  my  field. 

Blurring,  amblyopia,  diplopia  and  such 
like  become  straightforward  functionally 
describable  processes  when  regarded  from 
this  point  of  view,   lie  need  no  deus  ex 
machina  to  "ext)lain"  them.   We  can  set  a- 


bout  to  make  experiments  to  describe  them 
and  therefrom  learn  the  lav;s  of  their  con- 
trol. 

One  man  almost  ruined  the  world  by  a 
colossal  enterprise  of  'divide  and  con- 
quer,'  If  division  of  what  is,  in  its 
best  state,  one,  into  many,  results  in 
tension,  malpositioning,  form  destruction, 
fog,  blur  and  trend  toward  chaos,  where 
can  we  find  clearer  examples  than  in  the 
field  of  vision? 

Seeing  is  an  active  process.   It  is  best 
vihen  its  structural  form  is  unitary,  co- 
herent, resistent  to  distortion.   It  at« 
tains  these  desirable  properties  not  be- 
cause the  Creator  was  particularly  partial 
to  the  eye  in  the  fam.ily  of  the  sense  or- 
gans, but  because  the  eye  evolved  as  bet= 
ter  suited  to  operate  with  the  effector 
organs  in  the  fabrication  of  an  effective 
space  world  than  any  other  family  member.. 

Let  us  not  forget  that  psychologically 
there  is  not  one  space,  but  many.   How 
different  are  the  spaces  of  the  active  and 
the  passive  touch;  of  the  moving  and  the 


Page  Tf55.  -  Figure  And  Ground  (part  IX )  -  Vol.6  IIo.lO 


resting  single  and  double  eyes'.   If  the  vis- 
ual conponents  were  the  primary  things  there 
would  be  but  a  single  space.   The  fact  that 
the  tactual  third  dirr.ension  is.  different  in 
phenomenal  size  fror.i  the  visual  is  v-/ell 
Izaovm,      Even  v;ithin  a  single  lAodality,  touch. 
it  makes  a  great  deal  of  difference  whe- 
ther the  space  judged  as  equal  to  another 
extent  is  enpty  or  filled.   Visually  two 
squares  appear  different  if  one  is  black 
or  stippled  and  the  other  v;hitc  within 
the  limiting  boundaries. 

Does  not  the  foregoing  point  to  the  view 
that  a  considerable  part  of  the  flexibil- 


ity  which  permits  m.an  to  adapt  quickly  to 
new  surrounds,  lies  in  the  fact  that  he 
can  change  his  space  v/orld? 

Finally,  it  should  bo  true  that  v;hen  pro- 
per visual  training  procedures  are  used  it 
is  alriost  certain  that  the  correction  of 
space  distortions  will  bring  several  func- 
tions into  harmony,  and  one  suspects  that 
the  number  of  such  has  been  regarded  as 
too  large.   It  is  likely  that  important 
changes  in  both  theory  and  practice  v;ill 
be  seen  in  the  next  few  years.   They  will 
be  based  on  field  dynamics.   There  are 
evidences  nov;  with  us , 
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We  must  not  leave  the  consideration  of  fig"= 
ure  formation  without  a  brief  look  at  one 
of  the  most  important  facts  about  this  all 
important  process.   The  question  before  us 
is:   What  precedes  or  lies  back  of  the  a- 
chievement  of  the  final  status  of  a  figure 
on  a  ground? 

The  average  person,  if  shown  a  watch  or  an 
alarm  clock  or  an  hour  glass,  at  once  iden-" 
tif ies  this  object.   He  gives  it  a  name  or 
classifies  it.   If  he  is  very  young  or  limit- 
ed in  his  stage  of  perceptual  development 
he  will  likely  call  it  "something  to  tell 
time  by, "  His  definition  will  be  in  terms 
of  use  or  function.   If  he  is  more  develop" 
ed  he  will  use  properties  or  attributes. 
Finally  if  he  has  reached  an  advanced  stage 
of  perceptual  development  he  may  show  the 
maximum  of  critical  elaboration.   He  may 
resort  to  an  even  better  form  of  language 
to  suit  his  purpose,  namely  expression  of 
a  set  of  mathematical  equations  and  from 
these  he  may  literally  take  the  concept  of 
time=piece  out  of  time  and  space  and  deal 
with  it  abstractly,  i,e,,  reduced  to  its 
simplest  intrinsic  terms.   If  his  bent  is 
artistic  and  aesthetic  he  may  turn  to  de~ 
sign  and  end  with  generalized  forms  and 
functions  far  remote  from  the  simple,  every-" 
day  or  commonplace  object  V'/hich  elicits^ 
from  the  infant  the  words  'tick-tock' .   No" 
matter  what  the  stage  or  elaboration. of  the 
process  or  of  the  perceiver,  one  fact  stands; 
Vihen  asked  about  it  each  in  his  own  way  will 
report  that  the  perceiving  of  the  object  was 
immediate :   He  looks  at  it  and  there  it  is 
and  he  knows  it  at  once.   The  process  is  one 
and  simple ,    ^  ,  .   '■  -...,■. 

In  contrast  to  this  view  we  v/ho  have  given 
some  study,  thought  and  experimentation  to 
the  process  hold  that  the  above  view  is  fal- 
lacious and  deceptive,  and  that  the  process 
is  even  in  the  simplest  cases  mediate,  in^' 
volved  and  incapable  of  valid  and  competent 
introspective  exaranation  and  report.   It 


is  this  difference  which  shall  be  th? 
ject  of  our  inquiry  in  this  paper., 


ob- 


Now  there  are  those  who  dissent  from  this 
view.   It  was  my  privilege  to  lunch  recent- 
ly with  one  of  them,  a  very  able  professor 
of  philosophy.   He  spoke  to  me  at  length 
of  the  shortcomings  of  psychologists,  which 
happens  to  be  my  craft.   He  emphasized  and 
insisted  upon  the  intuitive  knowledge  (i.e, 
immediate  perception)  of  common  objects 
which,  it  seems,  is  an  important  matter  for 
the  philosopher,   I  left  the  very  delight- 
ful hour  unconvinced.   This  was  because  I 
was  certain  that  his  statements  came  from 
looking  within  for  an  examination  of  his 
own  private  mental  processes  and  is  so  do- 
ing missed  completely  the  limitation  men- 
tioned above , 

Let  us  review  some  of  the  facts.   Suppose 
I  were  walking  through  a  forest. with  this 
gentleman.   Suddenly  a  bright  object  is  in 
front  of  us.   He  was  the  first  to  notice  itj, 
and  the  first  to  name  it^  an  alarm  clock,- 
In  the  unusual  place  it  was  seen  (in  the 
tactless  forest  with  no  sign  of  human  pre= 
decessors)  let  us  assuine  that  a  tiny  frac- 
tion of  the  light  reflected  from  the  object 
reached  his  eyes  as  a  quick  and  different 
flash  from  some  considerable  distance  back. 
Assume  that  this  was  unnoticed,  dismissed 
with  a  "What  was  that  bright  flash?"  kind 
of  shrug  and  v^re  walk  on,  talking  meanwhile 
about  something  else.   As  we  get  closer  he 
becomes  aware  that  there  is  "something  out 
there,"  He  cannot  see  the  face  or  numbers, 
-~  the. case,  let  us  say,  is  an  unusual  and 
artistic  shape.   He  now  begins  to  try  to  see, 
He  looks  sharply  seeking  some  clue  to  the 
unvoiced  question,  "w'hat  is  it?"  A  step 
closer  and  he  exclaims,  "Ahead  lies  a  box 
with  a  glass  front,  let  us  walk  over  and 
examine  it,"  and  a  few  steps  fa.rther,  "Fan- 
cy what  would  an  alarm  clock  be  doing  here?" 

Such  an  imaginary  case  is  by  no  means  ex' 
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ceptional  in  everyday  experience.   It  il- 
lustrates most  of  the  stages  through  which 
every  perceptual  act  passes.   Hot  in  all 
cases  however,  for  it  is  Vvell  known  that 
some  stages  nay  drop  out  completely.   The 
v;hole  process  can  become  foreshortened  in 
the  same  identical  way  that  a  white  rat  be- 
gins the  prodromal  stages  of  eating  (in- 
creased peristalsis,  glandular  activity 
heightened,  etc.)  almost  immediately  upon 
entering  the  maze  of  blind  ?Jleys  and  true 
paths  which  lead  him  to  food.   Actually  af- 
ter many  trials  he  may  begin  these  things 
the  moment  the  assistant  handles  him  in  re- 
moving his  from  his  living  cage  to  trans- 
port him  to  the  experimental  room  which 
houses  the  maze,   Iloreover,  he  may  even 
show  the  first  beginnings  by  the  mere  lapse 
of  time  if  the  trials  are  evenly  and  regular- 
ly spaced  and  his  life  and  eating  has  been 
sufficiently  stereotyped  about  that  act  of 
maze  running  in  order  to  eat. 

No  one  can  deny  the  facts  of  sensory  and 
motor  condensation.  \ie   must  not  fail  to 
appreciate^  similarly^,  the  fact  that  a  pro- 
cess that  has  been  so  telescoped  that  it 
runs  its  full  course  in  a  tenth  of  a  sec=» 
ond,  is  the  sam.e  elaborate  process  divested 
of  all  save  the  very  beginning  and  the  end. 

Let  us  return  to  the  laboratory.   There  we 
shall  perhaps  find,  as  is  usually  the  case, 
the  real  satisfying  answer  to  our  problem. 
Can  we  find  substantiating  proof  for  the 
proposition  stated  earlier;   That  the  fig- 
ura  L  process  v/hioh  reaches  its  best  state 
does  so  through  the  mediation  and  transform' 
mat ion  of  sets  of  field  forces  which  run  a 
course  in  time?   That  the  v/hole  cognitive 
process  is  set  in  an  older  framLework  which 
is  motor  and  v>'hich  not  only  antecedes  it, 
but  also  gives  it  its  essential  meaning? 
Can  we  duplicate  in  the  laboratory  the  same 
essential  stages  through  v;hich  the  normal 
process  of  figure  formation  passes  and  thus 
witness  the  processes  of  foreshortening  and 
other  types  of  transformations  which  take 
place  with  extension  in  time?   Fortunately 
we  may  have  recourse  to  several .well  known 
methods  and  to  the  v;ork  of  several  previous 
investigators  as  well  as  to  results  from 
our  own  experiments. 

It  must  be  constantly  borne  in  m.ind,  as  we 
have  pointed  out  elsewhere  that  the  sensory 
is  alv;ays  productive  of  a  trend  toward  in- 
stability and  the  upset  of  equilibrium  with- 


in a  system,  and  that  the  motor  movements 
instigated  by  stimulation  tend  toward  sta- 
bility^ restoration  of  equilibr iiom.   It  is 
altogether  likely  that  we  must  look  to  the 
motor  processes  therefore,  for  such  constan- 
cies as  we  may  have  in  m.eanings,  since  it  is 
well  knovm  that  in  the  purely  visual  field 
figure  structures  are  in  constant  flux. 
That  which  v^fas  part  of  the  ground  a  moment 
ago  is  now  figure  and  this  in  turn  is  re- 
placed by  something  else  a  moment  later. 
Figure  processes  prolonged  in  the  same  lo- 
cus tend  to  obliterate  themselves.   This  is 
called  extinction.   It  means  simply  that 
the  energy  reserves  within  any  sensory-cere- 
bro-motor  system  are  not  inexhaus table,. 
There  must  be  some  time  for  rest  and  repair 

follovjing  not  too  long  in  the  wake  of  stim- 
ulation and  reactance. 

Likewise  we  must  not  be  unaware  of  the  find- 
ings of  a  number  of  investigators  who  have 
studied  the  problem  of  the  retention  of  im- 
pression patterns^  particularly  by  the  method 
of  serial  reproduction.   If  our  friend  came 
suddenly  upon  the  alarm  clock  in  an  unusual 
place  for  such  articles  to  be  seen,  how  will 
he  describe  or  report  it  twenty  minutes  lat- 
er, an  hour,  a  day,  a  week,  six  weeks,  three 
m^onths  ?  lleanwhile^  of  course,  he  has  seen 
and  done  many  things.   Vie  know  from  a  score 
of  such  studies  that  v/hat  he  recalls  is  not 
what  he  saw  but  what  he  has  done  with  and 
to  the  figure  process  since  that  first  im- 
pression.  He  may  elaborate  and  supply  de- 
tails not  present  in  the  original.   He  may 
slough  off  details  and  stereotype  his  re- 
port, even  to  the  point  of  complete  reclassi- 
fication; all  done,  let  it  be  noted,  in  the 
best  of  faith. 

The  important  consideration  is  that  the  per= 
ceptual  transformation  of  the  figure  process 
always  takes  the  vector  set  by  the  longer 
section  interests,  biases,  trends,  v^hich  are 
characteristic  of  the  perceiver  s  action 
system.   To  what  extent  typological  consid- 
erations are  possible  here  is  a  moot  ques^ 
tion  and  need  not  entangle  us.   One  thing 
is   certain?   The  pi'ocesses  in  retention  are 
mere   continuations  and  extensions  of  the 


sxime 


orocesses  found  in  tlie  original  im" 


pressions,  no  more  no  less.   If  our  adver- 
saries grant  us  the  above  established  facts, 
then  they  cannot  deny  the  inescapable  con^ 
sequence,  namely,  that  the  primary  figura' 
process  itself  is  from  the  first  instant  in 
a  transitional  and  tentative  state.  Figures 


J 
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have  to  be  actively  forraed.   The  procecG 
begins  even  before  the  appearance  of  the 
fi.'st  impreGGion,   In  nany  cases,  as  every- 
one v/ho  has  seriously  v/orhed  at  the  making 
of  psychoph^/sical  judgments  v;ill  attest, 
the  die  is  cast  in  the  foreperiod  and  there 
would  never  be  any  question  of  the  outcome 
if  v;e  had  some  good  and  sufficient  means  of 
shov/ing  to  us  clearly  all  the  determinants 
of  a  judgment  working  just  prior  to  presen- 
tation of  the  two  comparative  stimuli, 

liy  teacher  in  experimental  ps j-chology^  the 
late  Professor  Albert  P.  Weiss^  designed  an 
instrument  which  he  named  the  Focal  Variator, 
This  is  an  optical  device  ivhich  permits  one 
to  show  upon  a  sm.all  ground  glass  screen  any- 
thing which  can  be  drawn,  printed  or  photo- 
graphed.  The  image  size  and  brightness  can 
be  kept  constant  while  it  is  changed  serial- 
ly from  blur  to  clear.   The  amount  of  blur 
can  be  measured  in  terms  of  the  number  of 
turns  of  a  vernier  on  a  16  pitch  screw^  that 
is  in  sixteen  hundredths  of  an  inch  of  the 
focal  distance  between  complete  blur  and 
maximal  sharpness,   I  have  made  a  number  of 
experiments  with  this  apparatus.   Let  me 
describe  briefly  one  ---  one  which  throws 
additional  light  upon  our  present  problem. 

Suppose  I  show  you  a  photograph  of  the  scene 
described  previously  in  this  paper,  an  alarm 
clock  set  in  the  midst  of  a  surrounding  for- 
est.  I  show  you  first  som.ething  v;hich  is  so 
badly  blurred  that  you  are  only  able  to  re- 
port that  you  see  a  field  with  irregularly- 
disposed  patches  of  slightly  different  bright- 
ness.  Note  that  there  is  no  hint  of  object 
vision  at  this  stage.  Me   are  therefore 
studying  the  basic ,  raw  beginning  of  the 
process  of  figure  formation.   All  is  ground. 
Undifferentiated  save  for  the  noted  bright- 
ness differences. 

How  I  move  forward  a  little  the  lens  system 
toward  the  clear  end  of  the  scale^  not  much, 
just  enough  to  m.ake  a  small  difference  in 
the  visual  appearance  of  the  pa.ttern,   I  re- 
cord your  rem.arks.   I  make  another  change, 
and  record  again,  and  so  on  until  you  are 
satisfied  that  it  is  unnecessary  for  me  to 
carry  the  process  on  to  needle  sharpness 
optically,  because  you  will  undoubtedly 
have  reached  your  perceptual  limit  long  be- 
fore this  state  is  reached.   If  I  show  you 
pictures  of  objects,  words  from  different 
languages,  technical  vjords  from  our  own 
language,  etc,  what  do  we  learn  about  the 
process  from  such  ex'oeriments  ? 


Ilainly  that  there  is  an  im.portant  factor 
ivhich  v;e  may  call  cortical -m.otor  supplemen- 
tation which  enables  the  perceivcx"  to  i- 
dentify  the  image  earlier  and  farther  back 
in  the  blur  and  see  it  clearly.   The  gre2.ter 
is  this  facto-"  the  less  the  need  for  sharp- 
ness,  brightness,  etc,,  in  order  to  con- 
suiTimate  the  perceptual  process,   iJhen  we 
trained  observers  with  licts  of  pairs  of 
mieaningless  syllables  and  two  place  numbers 
so  that  they  could  identify  any  one,  given 
its  paired  mate^  and  then  mixed  these  with 
an  equal  number  of  new  and  strange  pairs, 
the  measurements  gave  distributions  which 
showed  practically  no  overlap  and  the  m.eans 
were  separated  by  a  statistical  difference 
amounting  to  virtual  certainty.   The  same 
was  true  when  we  tested  students  v;ho  has 
studied  a  language,  say  Italian,  for  tv>ro 
quarters  in  the  university  and  the  same 
words  were  given  to  those  who  had  studied 
the  language  four  or  m.ore  quarters.   The 
purely  sensory  com.ponents  become  less  and 
less  important  approaching  a  minimum. 

The  main  difference  between  the  t'/vo  cases, 
when  a  perceptual  pattern  emerges  from  the 
blur  to  clear  identification,  and  the  rapid 
and  apparently  iiiimediate  naming  or  classi- 
fication of  a  figure  object  is  in  the  time 
required  for  the  procesces  to  move  from  the 
preparatory  foreperiod  to  the  final  con- 
sumation. 

This  fact  is  attested  by  the  following  kinds 
of  experiments.   Suppose  I  use  a  tachisto= 
scope  which  gives  me  a  minimal  exposure  of 
1  millisecond.   Suppose  I  also  blur  the 
image  by  focusing  so  that  the  only  report 
that  can  be  given  is  that  of  a  quick  flash 
of  ligh"!-,   I  then  turn  the  focusing  pinion 
a  little  (a  specified  amount)  in  the  di- 
rection toward  clearness  and. repeat  the  ex- 
posure at  the  same  exposure  time,  asking 
my  observer  m.erely  to  describe  as  fully  as 
he  can  what  he  saw. 

Here  I  am  forcing  him  to  see  the  view  to- 
tally and  as  coherently  as  his  referential 
frames  will  permit.   In  our  laboratory  Hiss 
Douglas,  a  graduate  student,  has  recently 
com.pl eted  the  analysis  of  more  than  900  such 
reports  from  15  observers  each  of  whom,  re- 
peated his  sittings  at  least  a  do::en  or  fif- 
teen tim^es,   Eer  results  com.pletely  confrim. 
those  of  Bartlett,  Judd,  Carm.ichael ,  VJulf, 
Helson  and  other  students  of  this  probleri. 
They  show  that  such  analysis  of  the  stages 
of  the  -orocess  of  fie-ure  form.ation  is  al- 
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ways  nore  or  less  stereotyped  as  to  form, 
all  going  through  the  early  stages  of  poor 
articulation,,  groping  for  ncaning,  filling, 
etc.   Actually  much  can  be  told  about  the 
observer  from  the  characteristic  way  in 
vifhich  ho  casts  his  descriptive  and  inter- 
pretative resDonses.   Jiagnostically  the 
methods  above  described  seem  in  m.any  ways 
suoerior  to  the  cumbersome  and  uncertain 
scoring  Rohrschach  procedure  used  by  psy- 
chiatrists , 

If  we  confine  our  interest  to  the  purely 
visual  aspects  of  the  matter  we  may  note 
for  example  that  the  17  year  old  vjho  is  a 
poor  reader,  myopic,  etc,  is  also  v/eak  in 
her  ability  to  grasp  visual  forms  in  short 
exposures  and,  moreover  becomes  still  poor- 
er when  required  to  give  some  objective 
evidence  by  sketching  or  fully  describing 
common  objects  or  scenes.   Any  kind  of  vis-" 


ual  training  or  any  other  so  called  eye 
corrective  work  which  neglects  to  repair 
or  bring  up  to  a  reasonable  parity  the  purely 
motor  phases  of  the  total  process  of  per- 
ceiving, is  bound  to  leave  the  young  lady 
still  weak  in  one  essential  grand  division 
of  her  phenomenal  world. 

Experimental  evidence  from  the  methods  of 
serial  reproduction,  from  the  focal  vari« 
ator,  and  from  tachistoscopic  exposures  all 
show  the  same  properties  of  the  course  of 
figure  formation  upon  the  basic,  primitive 
ground  structure. 

As  v/e  come  to  a  fuller  and  clearer  under- 
standing of  the  limitations  of  the  purely 
optical  and  ocular  aspects  of  seeing,  v/e 
come  to  a  position  where  we  are  better  able 
to  add  real  cubits  to  this  most  important 
functional  stature. 
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We  cone  no/r  to  the  last  paper  in  this  series. 
The  end  of  the  series  is  not  the  end  of  the 
problem.;   The  relation  of  the  figure^ struc- 
ture to  its  supporting  and  sustaining  ground 
is  one  of  such  great  importance  that  much 
more  vvill  be  heard  of  it  in  the  years  ahead. 

If  you  ■/■.'ill  go  back  and  read  all  the  papers 
of  Volumes  5  and  6  before  you  read  farther 
into  this  one^  you  will  see  the  signif ioa.nce 
of  an  early  statement  that.  Rubin's  disco^^'ery 
of  the  concept  of  figure  and  gro-und  was  of 
the  greatest  theoretical  and  practical  im- 
portance.  Let  us  look  for  a  moment  at  a 
concrete  case. 

Here  in  the  laboratory  in  recent  months  we 
ha -re  made  a  number  of  experimental  studies 
of  the  dynam.ic  inter-relations  of   ground 
and  figure.   We  think  of  the  figure  process 
as  a  sim-ple  instance  of  object  -vision.  Me 
know  that  to  see  and  identify  an  object  the 
process  must  involve  nervous  m.echanisms  in 
advance  of  corpus  striatuin  and  m.ust  energize 
conduction  gradients  within  the  cortex,  the 
impulses  from  vvhich  pass  to  effectors  which 
in  turn  return  volleys  of  afferent  impulses 
to  the  same  cortical  regions  ,- 

If  Vv'e  look  continuously  or  for  only  a  brief 
exposure  at  an  object,,  the  backstroke  p J  us 
the  postures  of  address  and  orientation  are 
there  as  essential  portions  of  the  ground^ 
together  with  those  perimacular  and  peri- 
pheral segments  of  the  visual  fields  found 
in  the  iranediacy  of  the  figure  region.,   A 
topographic  map  of  the  energy  distribution  ■ 
both  on  the  retinas  and  in  the  cerebrum 
ivould  show  a  potential  drop  entending  radi  = 
ally  from  the  central  figure  region.   If 
this  relation  is  reversed  then  that  which 
was  ground  a  moment  previously  becomes  the 
salient  figure  and  the  erstwhile  figure 
region  recedes  and  becomes  part  of  the 
ground.   Figure  and  groumd  thus  are  define 
ed  in  term.s  of  the  amo'ont.  rate  and  direc- 


tion of  energy  flow.   This  in  turn  is  de- 
termined by  a  number  of  things^  such  as  con= 
toui^s,  boundaries^  relative  sizes^  bright^ 
nesses^  appurtenance,  etc,   'We  should  ex= 
pect  to  be  able  to  test  this  kind  of  formu- 
lation with  comparative  ease.   If  v-/e  set  up 
conditions  in  y;hich  strong  processes  (i.e., 
processes  which  have  superior  properties 
such  as  iiLOvement^  tridimensional ity^  bright= 
ness.,  symmetry^,  hom.ogeneity  within  the 
field  structure,  etc)  are  set  up  in  the 
field  surrounding  the  figure  which  is  simi- 
pier  and  less  durable,  we  should  be  able 
to  weaken  or  even  to  abolish  figure.   Two 
of  us  here  at  the  laboratory  (C.H.P.  and 
H.l'I.S.')  have  recently  completed  a  series 
of  such  observations.   The  findings  are 
in  complete  harmony  with  the  above  theory. 

In  one  case,  a  girl  in  training  was  fouiid 
as  a  result  of  certain  other  training  pro- 
cedures to  have  greatly  reduced  her  tachis= 
toscopic  skill  and  regressed  in  her  reading, 
'.'[ork  on  the  periphery  was  immediately  stop- 
ped and  she  was  given  near  point  tachisto= 
scopic  training  on  digits  in  a  completely 
dark  prefixation  field.   After  three  or 
four  training 'sessions  she  did  better  than 
ever  before  tachistoscopically  and  her  read- 
ing returned  to  a  new  level.   We  are  con= 
vinced  that  any  visual  training  procedi;re 
will  produce  a  satisfactory  result  only  if 
such  procedure  is  in  accord  v^ith  the  grad- 
ient lavvj  that  you  must  alvvays  VN^ork  in  the 
positive  direction  of  the  gradient.,   If, 
for  example,  you  excite  periphery  discon- 
tinuously  you  may  thus  reinforce  and 
strengthen  figure.   If  you  v^eaken  ground 
you  reciprocally  strengthen  figure  because 
you  have  heightened  the  slope  of  the  poten= 
tial  gradient.   If  you  create  a  secondary 
figure  in  the  peri-figural  field  the  pri* 
mary  figure  will  alter  as  to  position,  size, 
sharpness,  resistance  to  distortion,  etc., 
in  proportion  as  the  relative  field 
strengths , 
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In  cases  of  anonalous  space  projectionj, 
that  is  where  an  object  or  target  is  seen 
to  left  or  right  or  above  or  below  or  near- 
er or  farther  out  than  its  true  position, 
we  should  expect  to  find  that  if  a  force 
field  that  is  syr^imetrical  is  established 
viell  out  in  the  surrounding  ground,  the 
projections  should  move  to  a  position  ap- 
proxinating  the  ortho  or  better  still  to 
the  best  position  of  equilibrium  the  field 
forces  will  perrait.   This  also  we  have  seen 
convincingly. 


therefore  cause  all  weaker  secondary  ones 
to  flow  into  or  amalgamate  v;ith  it.   Some- 
times people  complain  of  just  this  sort  of 
thing.   Print  blurs  and  "runs  together." 
The  theory  is  offered  here  that  in  perfect 
phenomenal  vision  the  field  is  stably 
structured  in  a  ground  that  is  essentially 
motor.   This  is  in  harmony  with  the  state- 
ment in  a  previous  paper  that  sensory  pro- 
cess always  upset  equilibria;  motor  process- 
es always  tend  toward  stable  types  of  organ- 
isation, 


One  thing  I  must  emphasize.   The  field  al- 
ways is  as  unitary  as  conditions  will  per- 
mit.  And  a  field  is  almost  never  symmetri- 
cal and  uniform.   All  portions  of  the  ' un° 
excited'  visual  field  are  not  equally  dis- 
posed or  ready  to  take  form  or  maintain  a 
figure.   Previous  processes  may  have  left 
long  enduring  states  of  electrotonus  in 
local  regions  which  make  true  form  and  space 
perception  v>rithin  such  region  difficult  or 
impossible.   liow  can  one  determine  the 
presence,  magnitude  and  extent  of  such 
field  anisotropy?   llever  directly  from  the 
findings  of  the  analytical  examination  and 
never  directly  from  any  known  skills  tests. 
This  is  because  as  Kohler  and  Wallach  have 
shovm  the  alterant  effect  of  the  field  up- 
on the  probe  body  does  not  stand  in  direct 
relation.   The  means  therefore  of  determin- 
ing the  anisotropic  state  is  operational 
and  differential.   This  is  why  so  often  the 
measures  of  phoria  fail  to  agree.   But  the 
disagreement  is  not  error.   It  is  rather 
the  empirical  fact  that  from  tv;o  poles  or 
axes  the  index  of  space  projection  of  a 
point  or  line  may  give  two  instead  of  a 
single  vector  point.   No  one  should  be  dis- 
tu;:bed  over  the  above  facts.   The  measure- 
ment of  figural  strength  or  weakness  sim- 
ply has  to  be  done  by  taking  into  considera- 
tion the  fact  that  this  determination  can- 
not be  made  by  any  Icnown  m.etric  applied 
directly  and  alone  to  the  figure  process. 
The  figure  must  always  be  treated  in  re- 
lation to  the  totality  of  the  enveloping 
field.   Since  it  is  rare  if  ever  that  a 
total  field  contains  at  first  a  single  lo- 
cus of  high  potential  and  since  it  is  well 
known  that  if  there  are  two  such  loci  of 
different  potentials  the  spatial  separa- 
tion of  the  two  regions  will  not  be  the 
same  as  if  each  we  set  in  the  sai'.ie  field 
singly, 

u"hy  does  not  the  major  figure  component 


The  restoration  of  an  approximation  to  "nor- 
mal" vision  by  whatever  means  (lenses,  train- 
ing, or  both)  is  ultim.ately  a  matter  of  re- 
shaping the  distribution  of  forces  within 
the  'visual'  field.   But  this  field  is  not 
only. visual.   It  is  also  largely  auditory, 
tactual,  motor  or  kinaesthetic.   'w'hen,  for 
example,  v;e  determ.ined  the  span  for  digits 
aui'ally  and  found  our  adult  subjects  limit- 
ed and  weak  in  this  function  and  v;hen  we 
trained  them  to  increase  the  audio-vocal 
span  sufficiently  v;e  got  immediate  and 
larger  increments  in  the  visual  perception 
and  reproduction  of  tachistoscopic  digit 
patterns .   I  predict  that  as  soon  as  suit- 
able apparatus  can  be  developed  to  control 
properly  the  impression  of  such  patterns 
results  will  show  large  improvements  over 
anything  thus  far  attained  -  and  let  it  not 
be  forgotten  that  present  results  in  visual 
form  perception  are  the  best  the  ;7orld  has 
ever  known,  by  far , 

Ki'hler-s  concept  of  satiation  relates  to  a 
change  in  the  electrotonus  of  certain  reg- 
ions within  the  brain  cortex.   Prolonged 
and  continuous  excitation  sets  up  a  sort  of 
hystersis  effect  in  protoplasm  v^fhich  may  be 
quite  long  enduring.   Within  the  satiated 
region  there  is  noted  certain  definite 
changes  in  the  phenomenal  behavior  of  fig- 
ures delivered  to  this  region  subsequently. 
Contour  lines  are  weakened,  sizes  are  re- 
duced or  expanded  and  spatial  position  or 
disposition  is  altered, 

I  have  changed  acuity  or  resolution  of  3 
meter  K^nig  bars  from  164  centimeters  to 
240  centim^eters  in  twenty  minutes.   Tv;o  days 
later  increased  it  to  290  centimeters  and 
on  the  third  day  to  5  24  centimeters.   This 
was  done  with  the  large  "green  rings."  The 
subject  was  a  17  year  old  girl  whose  problem 
was  myopia.   At  her  maximum  Kftnig  resolution 
v;e  tested  her  for  Snellen  acuity  at  far 
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point.   The  finding  was  OU  20/38,   ilhat  we 
had  then  was  a  hyper opic  girl  for  Konig 
bars  who  was  at  the  sane  tine  myopic  for 
Snellen  letters !   From  our  point  of  view 
there  is  nothing  strange  or  exceptional  a- 
bout  su:"h  finding.   In  order  to  check  this 
further  I  took  her  in^.iediately  to  the  ta- 
chiotosGope  roon  to  neasure  her  near  and 
far  point  thresholds  for  foi'n.   Uith  letters 
nov.'  so  large  that  no  acuity  factor  was  in- 
volved snd  at  long  e::posures  (i.e.,  fron  20 
to  100  milliseconds)  she  consistently  con= 
fused  H  and  N,  0  and  G  and  C,  T  and  F,  etc. 
She  still  "enjoyed"  the  characteristic 
partial,  f orn=-blindnes3  of  the  myope.   And 
we  vrere  no'-"'  possessed  of  the  absolute  in- 
fornation  telling  us  the  next  training 
steps  7-0  must  take  if  we  v/ant  to  bring  her 
to  the  eventual  maxii-.ium  of  visual  profic- 
ien;/.y  of  vrhich  she  is  capable. 

It  is  entirely  likely  that  the  good  and 
posir.ive  results  secured  by  any  visual 
training  procedure  -are  good  in  proportion 
to  the  types  and  amomits  of  changes  pro" 
du?5d  in  ■visual"  field  by  satiation.   The 

of  person?  v^ho  have  clear  understand- 
ig  of  the  full  meaning  of  this  theory  and 
its  procedural  demands  is  today  small. 
The  reason  is  that  these  types  of  research- 
es are  new,  eTen  in  ro-t  of  the  laboratories 
Every  visual  function  m.ust  be  reexamined  in 
the  light  of  the  fact,  for  instance,  that 
m  the  norm.a.l  field  the  upper  and  lower  and 
nasal,  and  temporcl  retinas  do  not  behave 
the  sam."^.   Geometrical  sym'-iotry  in  the 
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physical  stimulus  pattern  is  quite  asymmet- 
rical the  instant  the  ray  sheaf  excites  the 
retinas.   This  calls  for  new  diagnostic 
means,  and  new  ways  of  thinking  in  optome- 
try and  ophthalr.ology.   It  also  calls  for 
careful,  patient  and  exacting  research.  The 
vdiole  professional  and  com^Lercial  optical 
v/orld  should  at  once  foster  and  support  or 
make  the  active  attack  on  the  scores  of 
problems  which  emerge  upon  even  simple  first 
order  observations  of  these  'nev;=old'  things 
in  vision,   I  confess  a  certain  pessimism, 
A  few  isolated  investigators  v/ill  carry  on. 
But  it  will  take  years  to  reach  the  point 
V'jhich  planned,  im.plemented  and  concerted 
action  could  produce  in  a  short  time.   In 
my  opinion  the  practical  consequences  of 
Kohler's  -work  v/ill  become  more  and  more  im= 
portant  as  vie   become  able  to  translate  it 
into  instruir.ental  and  procedural  office 
practice, 

I  hope  that  Volumes  5  and  6  have  given  a 
stiriulus  to  thinking  in  a  somewhat  new  and 
different  way  about  seeing.   There  are  m.any 
in  the  v^forld,  of  course,  who  have  not  the 
remotest  notion  of  such  a  set  of  concepts. 
There  are  others  who  Icnow  and  love  the 
trail  reaching  forv;ard  into  the  unloiown. 
These  are  the  ones  we  address. 

Volujne  '7    is  planned  to  begin  in  November, 
It  will  deal  with  a  subject  which  has  been 
deeply  em.bedded  in  my  affections  for  a 
quarter  of  a  century.   O^ur  topic  is  brief = 
ly  if  not  adequately  nam^ed  liotor  Theory^ 


